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PREFACE 


This volume has been developed in the belief that the funda- 
mental principles of industrial engineering and management can 
be presented most clearly and can be made most serviceable 
through' the isupplementary use of examples and cases taken 
from industry itself. For the student, a study of actual prob- 
lems in their natural setting appears to be the most interesting 
and effective way of presenting the basic factors involved. 

The plan of this book has been, first, to state clearly the prin- 
ciples that govern the subject discussed, and then to bring in 
concrete cases from successful manufacturing and business con- 
cerns to illustrate these principles. 

The author has not confined himself to extremely simple 
illustrations but has gone to some length in his efforts to present 
rather full and complete examples of the basic prfticiples involved. 
This fullness of treatment has made it impossible to cover in this 
single volume the entire field of industrial engineering and 
management; for example, it has appeared inadvisable to include 
the subject of personnel administration. 

The author for a number of years has had intimate contact 
with industry and has personally selected or developed much 
of the case material used for illustrations in this volume. Fur- 
thermore, this material, in mimeographed form, has had actual 
use in the classrooms of two universities. 

The first six chapters with Appendices A and B are devoted 
to the treatment of the design and equipment of the factory, 
while the remaining seven chapters with Appendices C and D 
cover important phases of the measurement and the compensa- 
tion of human effort, together with closely allied subjects. 

The chapters on time and motion study and those on the point 
system of wage payment should prove of particular value to 
industrial executives and engineers. 

For classroom use, actual manufacturing data taken from a 
well-known industrial concern have been included in Appendix 
A. These may be used as the basis for many of the problems 
designated to accompany ee»ch of the chapters of the text. The 
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data are so arranged that problems such as those of factory layout 
and equipment may either be extended throughout a semester 
or be covered in a much shorter space of time. 

Over the period of several years during which this book has 
been in process of development, the author has had constant 
assistance and advice from industrial executives and educators. 
To these he would here express his great indebtedness. His 
special thanks for assistance received are due to Mr. B. C. Heacock, 
president of the Caterpillar Tractor Company, and to Mr. W. C. 
Randall, chief engineer for the Detroit Steel Products Company. 
Likewise to Messrs. Virgil M. Palmer, .1. R. Shea, F. E. Darling, 
N. D. Hubbell, Dwight Vandevate, and Professor A. G, Anderson 
is he particularly obligated for valuable criticism and much original 
illustrative material which have greatly aided in the development 
of the text. 

Ralph M. Barnes 

Iowa City, Iowa, 

June , 1931. 
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INDUSTRIAL ENGINEERING 

AND 

MANAGEMENT 

CHAPTER I 

THE DESIGN AND CONSTRUCTION OF FACTORY 
BUILDINGS 

The factory building is designed to house the equipment and 
processes of production; therefore, the selection of the type of 
building and the materials of construction is closely connected 
with the problem of laying out the equipment which will be used 
inside the building. 

Types of Factory Buildings. 

Factory buildings are of either the single-story or the multi- 
story type. A combination of these two forms of buildings is, 
however, commonly found. Single-story buildings permit better 
natural lighting, facilitate the movement of material within the 
building, reduce fire hazards to a minimum, permit the location 
of all materials and equipment on the ground floor which elimi- 
nates the question of permissible floor loads, and in many ca^s 
provide a simpler method for expansion when this becomes 
necessary. 

Multistory buildings, on the other hand, reduce the land cost 
per square foot of floor space approximately in the same ratio 
that one bears to the number of stories; and consequently 
multistory buildings are necessary where land costs are high. 
The cost of roof and foimdations may favor the multistory 
building. There are many manufacturing processes that require 
multistory buildings, as, for example, flour mills, starch plants, 
and industries in general where gravity can be used to great 
advantage in the movement of materials from one process to 
another. 


3 



4 


INDUSTRIAL ENGINEERING AND MANAGEMENT 


Effective Floor Areas. 

The single-story building gives more effective floor areas than 
can be expected from a multistory building. The effective floor 
area of a building as compared with its gross area depends upon 
thickness of walls, wall columns, size and spacing of interior 
columns, and the extent to which the gross area is reduced by 
stairways and elevators and space required for access to them. 
Dimensions for the gross area of a building are commonly taken 
from the outside face of wall columns but not including any 
small projections beyond the face of the wall columns. 

The following data^ show effective floor areas in a single-story 
building as compared with a multistory building of similar size 
and design. 

‘‘ ... a very practical and detailed comparison was devel- 
oped by William R. Fogg, secretary of The Ballinger Company, 
and other members of the staff, for a large manufacturing com- 
pany which was about to make a choice between leasing a one- 
story suburban plant designed and to be constructed for their 
specific occupancy, and leasing an equivalent amount of space 
in a large loft building which was about to be erected, and which 
the owners were willing to i^iodify to a reasonable degree to meet 
the manufacturer's requirements. In both cases the manu- 
facturer had practically an ideal layout offered him (within the 
limits imposed by each type of building) and in both cases a lease 
was contemplated, so that exact dollars and cents comparisons 
could be made of most of the items which had a bearing on the 
choice to be made. . , . 

^^The multistory building was to be a typical high-grade central % 
loft building of 10 stories divided into two huge wings with a wide 
light court in between. . . . The second floor, lighted in the 
center by skylights in the court, and extending throughout both 
wings, had kn undivided area of over 90,000 sq. ft. Each wing 
contained about 33,800 sq. ft. above the second floor, so that 
occupancy of the entire second, third, and fourth floors in both 
wingsgaveagrossfloorareaof approximately 231,000 sq.ft. . . . 
Floors were designed to carry 200 lb. per square foot; column 
spacing was approximately 20 by 26 ft. on centers; elevators 
were provided for the exclusive use of the tenant of the lower 
floors. . . . The building was to be of reinforced concrete con- 

^Roobbs, Ttlbr S., One-story or Multistory Factories. Which Is 
Cheaper to iterate? Mfg, Ind,, vol. 14, No. 5, p. 361, November, 1927. 
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struction and its design was the last word in structures of this 
type. 

“The single-story plant was to be a modem brick, steel, and 
concrete saw-toothed building of approximately 200,000 sq. ft. 
The columns were 20 by 40 ft. on centers, and the saw-tooth 
skylights gave a glass area of over one-third the floor area, 

“In a one-story building the gross area of the building would 
be reduced by the width of the walls . . . this area may be taken 
as 1 ft. by the perimeter of the building. 

“In a multistory building, an allowance must be made for the 
thickness of the wall columns which project inside the building. 



Pig 1 — Single-story building with saw-tooth roof Construction, erected for 
The American Chatillon Corporation, manufacturers of Rayon. {Courtesy of 
Lockwood Greene Engineers, Inc,) 

These waU columns would average approximately 18 in. thick 
for a three-story building designed for 200 lb. per square foot 
and average 2 ft. thick for the second, third, and fourth stories 
of a 10-story building designed for the same loads. Loss due to 
walls would, therefore, be 2 ft. by the perimeter of the building. 

“In the one-story building, the structural steel columns for 
20- by 40-ft, spans would be 8 in. square, with an area of approxi- 
mately sq. ft. This area times the number of columns would 
determine the reduction in the gross area due to columns. 

' “In the multistory building, the average diameter of the con- 
crete columns would be 27 in., or 5 sq. ft. This area times the 
number of columns would determine the reduction of the gross 
area due to columns. There would probably also be a further 
reduction of effective area due to these large columns by reasc»k 
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of their interference with the arrangement of lines of machines, 
which, however, it is not possible to calculate in advance of 
making a machine layout. . . . 

“Stairways are assumed to be 10 by 20 ft. long, or an area of 
200 sq. ft., plus an allowance of 50 per cent for access to them, 
making a total of 300 sq. ft. Three stairways have been assumed 
as being required in the east and three in the west section of the 
proposed loft building.’^ 

The following data summarize the unavailable floor area for the 
single-story and the multistory buildings : 

Floor Area Comparison op Plants 
Single-story building 

Square 

feet 

Total floor area 380 X 560 = 212,800 

Perimeter 1,880 X 1 = 1,880 

Columns 234 X 3^ = 117 

Four entrances, access 
areas at 100 sq. ft. each. 400 


2,397 

212,800 


2,397 unavailable 

1.12 per cent of floor space unavailable. 


Multistory building 


Square 

feet 


Total floor area 231,000 

A. Second story 423 X 217 = 91,791 

Deduct for through elevators 1,793 


90,000 

Unavailable floor area: 


Square 

feet 

Perimeter 1,280 X 2 = 2,560 

Stairways 300 X 6 = 1,800 

Elevators 160 X 4 « 640 

Columns 160 X 5 = 800 


5,800 _ 
90,000 ~ 


5,800 


6.4 per cent of floor space unavailable. 
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Floor Area Comparison op Plants. — (Continued) 

Square 

feet 

B. Upper stories 231,000 - 90,000 = 141,000 

Typical upper story 33,840 

Unavailable floor area: 

Square 

feet 


Perimeter 1,006 X 2 - 2,012 

Columns 60 X 5 = 300 

Stairways 300 X 3 = 900 

Elevators 160 X 2 = 320 


3^32 

33,840 


3,532 


10.4 per cent of floor space unavailable. 


Square 

feet 


Unavailable floor area for 2d floor 5,800 

Unavailable floor area for upper floors, 141,000 at 10.4 
per cent 14,664 


20,464 

231,000 


20,464 

8.8 per cent average unavailable floor area for multistory building. 


Summary 


Type 

Gross 

area 

Net available 

area 

Unavailable 

area 

Single-story building 

Multistory building 

212,800 

231,000 

210,403 
210,636 j 

2,397 (1.12%) 
20,464 (8.8 %) 


Cost of Artificial Light. 

A single-story building with saw-tooth construction of proper 
design will provide adequate natural lighting for a majority of 
the working days of the year. In the case of a multistory 
building, it may be necessary to use artificial illumination in the 
interior of the building unless the ceilings are high and the width 
\>f the building narrow. 

The Ballinger Company estimated that the single-story build- 
ing mentioned above would require 150 hr. of artificial lighting 
per year if the plant operated from 8 a.m, to 6 p,m. during the 
week and from 8 a.m. to 12 o’clock noon on Saturdays; while in 
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the case of the multistory building it would be necessary to 
maintain artificial illumination in the central part of some of the 
area during the entire day. 

The current cost plus lamp renewals as well as power costs for 
the elevator service is summarized as follows: 


Type 1 

Light, 

kilowatts 

Elevator 

power, 

kilowatts 

Current 

cost 

Lamps 

Total 

Single-story building 

Multistory building 

63,840 

560,025 

None 

54,000 

$ 1,756 
16,886 

$ 280 
2,084 

$2,036 

18,970 


Types of Construction. 

The various types of construction used in industrial buildings 
may be classified as follows* 

1. Mill construction. 

2. Structural steel construction. 

3. Reinforced concrete construction. 

Mill Construction. 

Mill construction consists of brick or masonry walls with the 
interior made of heavy wood timbers. The columns and girders 
are spaced close enough so that by laying heavy plank diagonally 
over the girders there will be sufficient strength to carry the floor 
load, which seldom goes above 100 to 150 lb. per square foot. 
Mill construction, while not fireproof, may be termed ‘'slow 
burning, and when it is further protected by an overhead sprink- 
ler system it is very satisfactory for two- or three-story buildings 
as far as fire hazards are concerned. 

Structural Steel Construction. 

Structural steel construction is used for single-story buildings 
where it is desirable to use roof trusses of long spans. The 
tendency is toward the use of larger floor areas free from support- 
ing columns. Figure 2 shows a common type of single-story 
building using steel construction with 50-ft. spans, that is, with 
one row of columns down through the center of the building 100 
ft. wide. Walter R. Eberhardt of The H. K. Ferguson Company 
states that it would be possible to provide a building of the same 
width and height i^th the same stresses and material specifi- 
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cations but without the interior columns for approximately an 
additional cost of 20 cts. per square foot.^ He further states 
that a single-story building 60 ft. wide with a row of columns 



down the center would cost about 10 per cent less than a building 
of the same width with a clear span. A building 120 ft. wide 
with a row of colunms down the center would cost roughly about 



Fig. 3 — The interior of a single-story building of the American Enka Corpora- 
tion By use of clear span roof trusses, large floor areas free from columns may 
be obtained. {Courtesy of The H. K. Ferguson Company,) 


16 per cent less than a building of the same width with a clear 
span roof truss. 

^Ebbkhardt, Walter R., How Much Does a Column Cost? Cross 
Section^ voL 3, No. 12, p. 10, The H. K. Ferguson Company, December, 
1929. 
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Structural steel construction is also used for multistory build- 
ings where heavy loads and long floor spans are desired, or where 
tall buildings with relative light floor loads are needed. With 
proper fireproofing around the steel work a structural steel build- 
ing is as nearly fireproof as can be designed. 

A Multistory Factory Building. 

Figure 4 shows the exterior of a factory building recently 
designed and built by the Otis Elevator Company at their Yon- 
kers works. The building has four stories and a basement and 



Fig. 4. — Side view of the Motor Manufacturing Building at the Yonkers works 
of the Otis Elevator Company. 


covers an area of 350 by 100 ft., or a total of 153,000 sq. ft. The 
basement and three lower fioors are devoted to manufacturing 
electric motors and other equipment used on elevators, while 
the top fioor, or works office, houses an office force of 200. Eight 
hundred shop workers occupy the factory building proper. 

W. 0. Moyer, building engineer and architect for the Otis 
Elevator Company, describes this building as follows: 

‘^The building fronts on three streets with the fourth side 
adjoining neighboring property. Two light courts extend along 
this side between the spaces occupied by three elevator and stair 
towers. 

‘^In each story except the basement the building is three bays 
wide for the total length of 350 ft. These bays are 28 ft, 10 in 
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wide and the column spacing lengthwise of the building is at 
17-ft. centers. The construction is of steel, with exterior columns 
and beams cased in concrete. Walls are of face brick between 
floors and window sills. 

Floors are reinforced concrete 5 to in. thick, as required, 
to carry the weight of equipment. Floor loads and ceiling 
heights of each story are given in Table I. The first three stories 


Table 1. — Floor Loads ani^ Ceiling Heights 


Floor 

Safe load, 
pounds per 
square foot 

Ceiling 

height,^ 

feet 

Basement 


lOh 

24 

First floor 

600 

Second floor 

500 

20 

Third floor 

250 

14 

Fourth floor f . . . . 

125 

12 



1 Dimensions include floor thickness, except in the case of the basement. 

and the basement are occupied by manufacturing departments 
and store rooms, respectively, and the top floor is used for the 
works oflBces. A special hardener was used to finish the factory 
floors, while a colored granolithic waxed topping was used for 
the general office floor. 

^^In the basement are kept the stocks of materials and sup- 
plies used for motor manufacture. Heavy machinery is installed 
mainly on the first floor. . . . 

^^The building has four entrances, one at each corner. One 
of these admits to the main lobby, and a passenger elevator at 
this point serves all floors. Another entrance, under the tower, 
at the right in Fig. 4, leads from the street to a large freight and 
passenger elevator of a capacity and size to handle the largest 
electrical industrial truck which the company operates. Along- 
side of this entrance is a doorway admitting trucks to the first 
floor. The entrance shown at the center of Fig. 4 admits 
trucks to the basement on a platform 3 ft. above the floor 
level. Incoming supplies are placed in storage here, and heavy 
equipment is lifted by crane to the first floor through the well 
above the entrance. The door at the far left in Fig. 4 admits 
to a Are tower in which a stairway leads up to all floors. Just 
back of this stairway is a combined freight and passenger elevator. 
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and at the middle of the building on this same side is a similar 
elevator and a fire tower with stairway. 

‘^The building thus has one passenger elevator and three com- 
bined freight and passenger elevators, each large enough to hold 
an industrial truck and several people; also three stairways, 
all in fire towers. For additional safety, a bricked-in passageway 
connecting with a middle fire tower leads through the basement 
across the building to the side street for emergency exit. 



Fig. 5. — ^Lamination Manufacturing Department, first floor of the Motor Manu- 
facturing Building, Otis Elevator Company, 


Windows, Doors, and Partitions. 

Through the entire building all the window sash are of steel. 
Factory-type sash are used in all stories except the fourth, or 
office story. In factory-type sash the lights are 14 by 20 in. 
and are obscure glass with the exception of the two lower rows, 
which are clear glass. Wired glass is used on the side which 
adjoins other property. 

^^The windows in the office story are solid metal double-hung 
windoWs, with single large panes of plate glass. 

All doors throughout the building are fireproof, either hollow 
metal or tin clad, except those leading direct to the streets. The 
lobby entrance and the rear entrance doors have upper panels 
of glass. The basement truck entrance and the freight elevator 
entrance at the front of the building have power-operated rolling 
$teel door^. 




CONSTRUCTION OF FACTORY BUILDINGS 


13 


Doors leading to the executive offices and also to stairways 
throughout the building are of hollow metal. Elevator doors 
are of the verticaUift type, except for the passenger elevator, 
which has horizontal sliding doors. All elevators are, in addition, 
equipped with safety gates. 

^^The building has a flat concrete roof, with tar and felt cover- 
ing, and is surrounded by a 4-ft. concrete parapet. . . . 

''Few partitions are used in the building. Where required 
in the shop, they are of 6-in. hollow tile. The vaults have brick 
walls. Ovens are self-contained and are of steel. Dipping tanks 
are enclosed by partitions of metal lath and plaster carried on 



Fig. 6, — Machining and rf'ommutator assembly department, second floor of the 
Motor Manufacturing Buildings Otis Elevator Company, 

steel framework. This construction provides safety in case of 
explosion, because the partitions would merely bulge and no 
particles of masonry would be thrown around the room. Office 
partitions are of 4-in. gypsum block plastered in three-coat work. 

"Stairways in the fire towers consist of cast-iron abrasive 
safety treads, on steel framework, and are equipped with gal- 
\[anized pipe handrails. Landings are of concrete. 

"Heating is by means of a vacuum system. Exhaust steam 
from the company's power house is piped to the building through 
an underground tunnel. All steam mains are insulated. Wall- 
type radiators are used throughout the factory and offices. . . , 
Thermostatiq control regulates the heating. 
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‘‘The building is well protected against fire. All mate- 
rials used in its construction are fire resisting and further protec- 
tion is secured by means of equipment. A complete sprinkler 
system has been installed. Hand extinguishers are located at 
accessible points throughout the entire plant. Hose lines have 
been put in according to a system laid out by the insurance 
company. 

“The building has been designed and departments were laid 
out and equipped to provide every facility for rapid, straight- 
line flow of work, high quality and low cost of production, and 
minimum handling of parts and materials.”^ 

Reinforced Concrete Construction. 

Reinforced concrete construction is widely used for factory 
buildings where rigidity and permanence are of prime importance. 
This type of building has the disadvantage of requiring relatively 
large columns, and consequently it has a high percentage of 
unavailable floor area in comparison with a structural steel 
building. Depreciation and maintenance costs are low and 
this type of construction is economical from the point of initial 
cost. 

The two main types of reinforced concrete construction are 
flat-slab and beam-and-girder designs. Figure 7 shows the 
interior of a reinforced concrete building of flat-slab construction. 
This type gives the best appearance, permits windows to extend 
to the ceiling level, diffuses and reflects both natural and artificial 
light better, and permits shafting and other equipment to be 
placed nearer the ceiling than does the beam-and-girder type of 
construction. 

The plain unfinished exterior of a reinforced concrete building 
does not present a very pleasing appearance, although it has 
been widely used in past years. The present trend is away from 
the use of concrete alone for exterior walls. All brick, or brick 
and cast stone, is commonly used now, although brick with 
exposed concrete columns would be less expensive. 

Architectural Design of Industrial Buildings. 

As a machine is designed to perform a specific kind of work, 
so the industrial plant exists primarily to serve a functional 

1 Moyer, W. O., New Otis Building Efficiently Planned, Mfg» Ind*, voL 
12, No. 6, p. 413, December, 1926. 
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8.-“Th6 vaa Nelle Tobaoao Factory at Rotterdam, showinig the Suropcani 
tread In induetrial building design, (Courtesy of Cleome Curroll.) 
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purpose. The factory building must first satisfy the require* 
ments for which it is to be used. An industrial enterprise oper- 



Fiq. 9. — Proposed plant for the Toledo Scale Company. Precision devices 
group, showing the circular machine shop, the connecting corridor, the receiving, 
shipping and storage building and the laboratory. {Courtesy of the Toledo Scale 
Company, Norman Bel Geddes, Architect.) 


ates for profit and it is unwise to add an excessive burden to the 
capital investment by erecting factory buildings that are archi- 
tecturally elaborate and costly. 



Fig.' 10. — Proposed plant for the Toledo Scale Company. Scale factory, a 
monitor-type building with walls entirely of glass. Eoofed with alternate high 
and low bays that afford adeejuate light. {Courtesy of the Toledo Scale Com- 
pany, Norman Bel Geddes, Architect.) 

) 

This does not mean that factory buildings should be ugly; 
on the contrary, a pleasing appearance is worth having. If a 
building is designed first to serve its purpose, it is not diflBcult, 
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through the use of architectural skill and the wide variety of 
materials now available, to give it fine proportions, proper bal- 
ance, and attractive color. Industrial buildings may be made 
extremely imposing, and this is to be recommended when no 
great addition in cost is involved. . 

Owners and managers are anxious to have attractive factory 
and office buildings, employees prefer them, and the advertising 
value of a plant with agreeable proportions and a pleasing appear- 
ance is not to be overlooked. 



CHAPTER II 


THE SELECTION OF EQUIPMENT 
KIND OF EQUIPMENT 

The selection of factory equipment might be discussed under 
two headings: first, the kind of equipment and, second, the 
amount of equipment required. The selection of equipment 
should be intrusted to individuals who are properly equipped to 
perform the task — men with considerable shop experience, a 
technical knowledge of the processes and methods of manu- 
facture, and a thorough understanding of the different kinds of 
equipment available for use. In some cases it becomes necessary 
to design special machines and equipment for certain processes 
and operations. It is apparent that there is a very close rela- 
tionship between the design of the product and the manufacturing 
processes involved. The designer must work and cooperate 
with the production manager. The substitution of new and more 
efficient equipment is a process which is constantly taking place 
in all factories. 

In factories already in operation, machine tools and equipment 
are purchased (1) to replace those which are worn out, (2) to 
improve the quality and increase the quantity of output, and (3) 
to bring about lower production costs. 

Replacement Due to Wearing Out. 

With the continual changes and improvements in machines 
and processes, it is often necessary to substitute newer machines 
for those in use long before they are actually worn out. However, 
many types of standard machines have to be replaced. Even 
though the machines are kept in repair, there will come a time 
when it is no longer profitable to make additional repairs. One 
manufacturer makes the following analysis when any extensive 
repairs are contemplated on a machine: An estimate is made of 
the proposed repairs and then the question is put, ^'If this 
machine were offered for sale by a second-hand machine-tool 
dealer, would we purchase it at the value n#w on our books and 

18 
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then make the repairs as estimated?^’ Often this will show 
that it is not economical to make additional repairs. 

Since obsolescence is such a large factor in some industries 
today, many manufacturers have the policy of crowding the 
machine to its maximum limit, expecting that by the time the 
machine is worn out another newer and better one will be avail- 
able, which would necessitate the replacement even though the 
machine were in good condition. Other concerns do not think 
it best to run machines above the limit set by the manufacturer 
and particularly is this true on standard machines. This policy 
seems to be more nearly representative of factories in general, 
since there is a decided saving in repairs. 

Added Equipment to Get Increased Output. 

When business is increasing rapidly, it is the problem of the 
executive to decide whether to purchase additional equipment 
in order to supply the demands for his product, to run night 
shifts if this is not already being done, or to let the work out to 
other firms. When new equipment is purchased to supplement 
that already in use, it is often duplicate, but more often it is best 
to purchase semiautomatic or automatic machinery, particularly 
when it is apparent that there will be an increasing demand for 
the product. By the use of such machines, greater transfer of 
skill is effected and fewer workmen are needed. The whole 
process of manufacturing may be speeded up with the result that 
the amount of goods in process will be decreased. When new 
equipment will improve the quality of the product, it is very often 
purchased even though no saving in cost is made. 

Replacement and Additions of Equipment for Lower Costs. 

New equipment will be used when greater economies in manu- 
facture will be effected thereby. The continual advance in 
machine design and the rapid progress in new time-saving 
processes make it necessary very often to replace tools and 
machines with new ones long before they are really worn out. 
Obsolescence is one of the biggest factors to be considered. 
Machines and equipment become obsolete for several reasons: 

1. A change in the method of manufacture may require differ- 
ent equipment. The use of a steel stamping instead of a casting 
will require the addition of a press. A grinding operation may 
be more desirable than a turning or a milling operation, which 
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would make the purchase of a surface grinder or a cylindrical 
grinder necessary. 

2. New designs in equipment make the present machines 
obsolete. More rigidly built machines permit heavier cuts and 
give greater accuracy or better finish. Quick-return tables or 
better methods of lubrication or quicker set-up are points of 
advantage in the newer machines. Two very recent develop- 
ments might be mentioned here. First, the use of cemented 
tungsten carbide tools to replace high-speed steel; and, second) 
the extended use of hydraulic feed mechanisms on machine tools. 
S. Einstein, chief engineer for the Cincinnati Milling Machine 
Company, gives the following points in favor of the use of 
hydraulic transmission : 

Summing up the advantages of hydraulic transmission, it 
might be said, first, that it gives an infinite selection of speeds or 
feeds; second, it protects the machine and tools from overloading 
and breakage; third, it provides ease of control; fourth, it gives 
greater tool life, due to its cushioning ability of absorbing shocks; 
and fifth, it makes the automatic change of feed or speed rates 
easily possible. Taking all of these advantages into considera- 
tion, it can readily be assumed that the hydraulic transmission 
will be more and more popular in machine tool applications . . . 

“To illustrate the growth in the productivity of machine tools, 
there is given a comparison of methods for splitting and straddle- 
milling operations on connecting rods, from 1910 to 1930. These 
data express in terms of productivity the development which 
has taken place, not only in improvements on the machines, but 
also in the improvement of the method for producing these parts. 


Date 

Description 

Production 
per hour 

1910 

4 pieces held in special fixture on table 

40 

1915 

3 pieces held at each end of hand-index base 

60 

1920 

6 pieces held in removable work-holding unit; load 



extra work unit while milling 

90 

1926 

4 pieces held in hand-index fixture 

110 

1928 

4 pieces held in automatic-index fixture ,'} 

125 

1929 

4 pieces held in automatic-index fixture 

140 

1980 

8 pieces held in automatic-index fixture 

248 
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‘^Another good illustration showing the increase of productivity 
of the modern machine tools in the grinding of valve tappets is as 
follows: 


Date, 
up to' 

Description 

Pieces 
per hour 

1920 

$ 

Center-type grinding^ 

90 

1923 

Centerless infeed grinding, hand operated, hand chuck- 
ing, hand removing* 

150 

1924 

Centerless infeed grinding, hand operated, hand chuck- 
ing, lever ejection* 

240 

1925 

Centerless infeed grinding, hand operated, hand chuck- 
ing, automatic ejection* 

300 

1927 

Centerless infeed ' grinding, automatic infeed, auto- 
matic ejection* 

450 

1929 

Centerless infeed grinding, hopper feed, automatic 
infeed, and ejection* (three machines operated by one 
man) 

1,350 




1 Tolerance plus or minus 0.0005 round and straight. 

^ Tolerance plus or minus 0.00025 round and straight. 


^^This last operation shows another trend in machine tools. 
Here is one operator taking care of a multiple number of machines, 
which automatically perform day after day a certain operation, 
and the function of the operator is confined to supplying the 
hopper with parts, to supervising the proper functioning of 
machines and tools, and to checking the work as to predeter- 
mined size and finish/^^ 

3. Equipment is often replaced because of the fire hazards 
that it involves or the danger of accident to the operator. Often, 
equipment is used to make the work less fatiguing to the work- 
men or to make dirty and disagreeable work unnecessary. This 
tends to reduce labor tu^rnover. 

4. It is often desirable to have motor-driven equipment 
replace the group drive, and some manufacturers have definitely 
advanced the policy of motorizing their factory. There are 
other important factors, such as saving in floor space, lower power 
consumption, and better service to customers, that deserve 
consideration. Directly or indirectly there is the constant desire 
on the part of the manage]^ to reduce the amount of direct labor 

1 Einstein, S., Machine-tool Milestones, Past and Future, Meek, Eng., 
vol. 52, No. 11, p. 959, November, 1930. 
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needed. More pieces per hour may result by the use of an 
automatic or semiautomatic machine and it is often possible to 
have one operator tend several machines, which may still further 
reduce the direct labor cost per piece. 

Formula for Computing the Savings of New Equipment. 

Every new design in a machine or advance in methpds is a step 
toward making present equipment obsolete. The manufacturer 
must make use of these newer economies in order to maintain an 
efficient factory. In some industries it is possible to use some 
systematic method to aid in the solution of the problems of 
replacing equipment. An algebraic equation can be set up which 
will show the comparison of the existing cost of performing an 
operation on a part, with the proposed or estimated cost resulting 
from the use of new or improved equipment. 

The following formula is an example of one which gives con- 
sideration to the most important factors involved in the replace- 
ment of equipment. In this case it is desirable to know the 
number of years in which the new equipment, if installed, will 
pay for itself. 

Let 

X = number of years in which the equipment will pay for 
itself. 

A = cost of the new equipment (with all necessary tools 
and fixtures) installed in the plant. 

B = present book value, less salvage value, of the equip- 
ment which will be replaced. 

C == interest charge on the new equipment at 6 per cent. 

D = number of pieces to be produced per day by the new 
equipment. 

B = present labor cost per piece (piece rate). 

F = estimated labor cost per piece (estimated piece rate). 

G * estimated number of working days in the year that the 
new equipment will be used. 

H « savings (or losses, plus or minus) in operating cost, 
overhead, and fixed charges per year, other than 
interest. 


Then 


X 


A + h 
{E - F)DG + 
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Eumple. 

At the present time there are 10 hand-operated machines performing the 
same operation. Ten operators have an average daily output of 260 pieces 
each. The rate is $0.03 per piece. It is estimated that two automatic 
machines will produce 2,500 pieces per day and that two men would be 
required to tend these machines. The new estimated piece rate will be 
$0,004 per piece. The new machines will cost $6,200 each, installed, and 
the old equipment has a book value of $9,000. It is estimated that the 
machines will operate 90 per cent of the time, or 270 days of the year. 
The estimated savings in overhead, operating cost, etc., will be $1,600. So 
the data might be tabulated in the following way: 

A * 6,200 X 2 = $10,400. 

B = 900 X 10 - 9,000. 

C = 10,400 X 0.06 = 624. 

D - 2500. 

E - $0.03. 

F - $0,004. 

(? - 300 X 0.90 = 270. 

H = $1,500. 

10,400 + 9,000 

(0.03 ~ 0.004) 2,500 X 270 + 1,600 - 624 

Such a formula as this cannot be used in all industries, but in 
investigating the savings to be made from the installation of 
new equipment it is always necessary to consider all of the factors 
involved.^ Many manufacturers will not replace their present 
equipment unless they are reasonably certain that the new instal- 
lation will pay for itself within a period of from 1 to 5 years, and 
in a great many cases the lower figure is used. 

** In a recent survey of 800 of the larger and more representative 
manufacturing concerns of the United States, the following ques- 
tion was asked : Has your company a policy against the purchase 
of new equipment unless the production savings will return the 
initial investment within a definite period? If so, what is the 
period? 

^'Nearly 200 replies were received to* this questionnaire, dis- 
closing that 43.6 per cent of the companies required that new 
e4uipment should return its cost through savings in a period of 
2 jrears or less and that 64.1 per cent required that it should pay 
for itself in 3 years or less. 

^ For other formulas in use see Formulae for Computing Economies of 
Labor-eaving Equipment, p. 90; and Formulas Used by the S. K. F. Indus- 
tries, Afj^. Machinist^ vol. 62, No. 19, p. 719, May, 1926. 


Then 

X » 
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“Figure 11 shows the relationship between the number of 
years during which the initial investment must be returned and 
the percentage of firms requiring the return in that period or in 
a shorter time.”* 



Fia. 11. — Policy of manufacturing firms in regard to the purchase of new 

equipment. 

Standard and Special Machines and Equipment. 

The manufacturer has the choice of buying standard machines 
or of having special ones built for his particular needs. Standard 
machines are, as a rule, general-purpose machines which may be 
used on several different kinds of work. This machine is the 
standard product of the machine-tool manufacturer, would 
have a Ic^wer first cost than special machines, and could be resold 
at a higher value, since it would have a wider field of use. Stand- 
ard machines can be obtained on short notice, and in some cases 
they can be modified to fit the particular manufacturer's needs 
with little additional expense. When equipment is needed for 
quantity production of some one part, it is often found that not 
all of the standard attachments to the machine are needed. 
For example, instead of complete sets of speed and feed change 
gears, only one combinalion may be needed ; or perhaps the revers- 
ing gear on the lead screw may be removed, which will bring the 
first cost as well as the maintenance cost to a lower figure. ^ 

^ Alfoed, L. P., Technical Changes in Manufacturing Industries, vol 1, 
p. 1^9, * ^Recent Economic Changes in the United States," Report of the 
Committee on Recent Economic Changes, National Bureau of Economic 
Research, Inc., McGraw-Hill Book Company, Inc. 
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Special machines may be made by the concern itself or made 
to order by an outside tool builder. In either case it is likely 
that the machine would have a high first cost. Special machines 
are not easily adapted to work which differs from the kind for 
which they are designed, and furthermore they are subjected to 
a greater degree of obsolescence than standard machines. Some 
manufacturers will not have a special machine brought into the 
plant unless it can be shown that it will pay for itself within a 
very short time, 6 months being the maximum limit in one auto- 
mobile factory. Special machines are more costly to maintain 
and keep in repair than standard machines, from the point of 
view both of the actual cost of making the repairs and of the lost 
time while the machine is down for repair. Often a special 
machine, due to its great capacity, will not be kept in constant 
use. However, special machines #can be made more nearly 
automatic. This reduces the direct labor cost and in other ways 
effects greater savings in the unit cost of manufacturing the prod- 
uct. The machine in some cases is a part of the process, and 
special equipment (often patented) is required in order to do 
the work at all. It is necessary and usually expected that all 
experimental work should have been completed and considerable 
certainty assured as to the continuance of the design of the prod- 
uct before special machines are purchased or built. 

Simultaneous Operations. 

If a bar of a given diameter is to be turned up in a lathe by a 
single tool it is evident that the tool must travel the entire length 
of the bar, and the production time required might be represented 
by the letter T, With a tool slide designed to mount three tools 
equally spaced along the length of cut and all operating at the 
same time, the total accumulated tool time would be the same, 
but the production time would be represented by T/ZJ' E, P. 
Blanchard has used the word '^simultation'^ to describe this 
principle, and in the simple case just cited he would say that three 
is the factor of simultation.^ 

However, if the piece to be turned has two distinctly different 
diameters, then the cutting speed in feet per minute will not be 
the same for all three tools. Either it will be too fast for one and 
ooiTOct for the others or cori^ct for one and too slow for the others. 

^Blanohabd, E. P., Economy of Integrated Production, Mfg* tnd^^ 

16, No. 2, p. 121, June, 1928. 
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For such operations a separate machine set up for each diameter 
might be more efficient or, better still, a multiple-head machine 
similar to the one shown in Fig. 12. Figure 13 shows the relative 
time required to machine a gear blank using various types of 
machine tools such as an engine lathe, turret lathe, single- 



Fig. 12. — Bullard mult-au-matio. This machine performs six operations 
simultaneously at any desired speed and feed. In the above set-up, note the 
multiple spindle drill head at the sixth station which drills 14 holes in the flanges 
and bosses. {Courtesy of the Bullard Machine Tool Company,) 

spindle chucker, and the mult-au-matic. The principle of 
simultaneous operations is applicable to a wide variety of 
production equipment. 

Bconpmy of Autoxnatic Machines. 

Many large industrial concerns have separate departments 
devoted entirely to the design and selection of manufacturing 





THE SELECTION OF EQUIPMENT 


27 



Fig. 13. — Simultaneous operations reduce operating time 
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equipment. J. R. Shea of the Western Electric Company, Inc., 
gives the following analysis^ of one of their problems: 

Manufacturing equipment recently developed for the pro- 
duction of a spool head used in the subscriber telephone set very 
well illustrates the economic factors involved. This spool head, 



Fio. 16. — Succession of operations performed by spool-head machine. {Courtesy 
of the Western Electric Company.) 

shown in Fig. 14, is approximately 1 % in. square and 1 in. thick 
and is made of maple. Several millions of these parts are 
required per year, and they were formerly made by the operations 
which are listed in Table II, standard woodworking machinery 
being used. 

I Sbxa, J. R., Outstanding Economic and Technical Factors Involved in 
the Engineenng of New Manufacturing Equipment, Trans. AJS.M.B., 
BIAN.-51-7, p. 49, January-April, 1929. 
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‘‘A study of the design of the subscriber set in which this part 
is used and of the various materials from which the spool head 


'^ABLE II. — Operations and Equipment Used in Manufacturing Spool 
Heads by Old and New Methods 


Operation 

Old method 

New method 

1. Trim to 1% in. and cut two slots. . 

2. Drill J^-in. core hole in heads 

3. Drill eight holes in head 

Trim saw 

Speed lathe 
Adjustable multi- 
ple-spindle drill 
press 

Parts cut, slotted, 
and drilled com- 
plete in automat- 
ic machine 

1 


could be made indicated that maple would still be the best and 
cheapest material available. We investigated the best standard 
machines on the market which were adaptable to the production 
of this part but were unable to find an improved type with which 
any appreciable saving could be realized. The operations 
required to produce this part are essentially drilling -and sawing, 
and our engineers considered it entirely feasible to develop a 
special machine in which all the operations could be combined. 
The operations performed by this special machine are shown 
schematically in Fig. 15, and the machine itself in Figs. 16 and 
17, while Table III is a comparative economic statement of the 
old and new methods of producing this part. 

Tabi4Q III. — Comparative Costs op Manufacturing Spool Heads by 
Old and New Methods 


Investment 

Old 

method 

New 

method 

1. Machine investment 

$10,000 
$ 3,200 
$ 1,500 

$15,000 
$ 1,000 
$ 1,000 

2. Building investment 

Paw n.nd prneesa TnateriAl- 

4 Total investment 

$14,700 

$21,000 

$54,000 

$17,000 

$ 2,600 
$ 7,200 
$46,800 

1 

Annual costs 

6. Annual labor cost 

6. Total annual cost 

7. Total annual saving 

8. Number of operators required 

10 



'There are a number of design features embodied in this 
machine which are unique and which make possible to a large 
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extent the savings that have been effected. The drilling speed 
used is 8,000 r.p.m., while the speed obtainable with the best 
commercial multiple-spmdle drill press of the required capacity 
does not exceed 3,000 r.p.m. This high speed was obtained by 
the use of direct-motor drives with a frequency changer, which 
made it possible to increase the speed of standard motors with- 



Fig. 16.— Semi-automatic spyool-head machine (,C\^>urtesy of the Western Electrte 

Company ) 

out resorting to special design. Ball bearings were used through- 
out, and a splash lubrication system was adopted. A special 
feature of the multiple-saw mechanism of this machine is that 
the motor housing is made of an aluminum alloy to cut down its 
weight, so that both the motor and saws may be moved to and 
from the work with great rapidity. The saw motor runs at 
7,200 r.p.m., a saw speed that is unusual in the woodworking 
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industry. This high speed was adopted in order to make it 
possible to use small saw diameters, thus insuring greater accu- 
racy, and yet keep the time required by the slotting and sawing 
operation at a minimum, since that is the operation which limits 
the output. The present output of this machine is 25 parts per 
minute.” 



Fig. 17. — Arrangement of drill and saw units of spool-head machine. {Courtesy 
of the Western Electric Company.) 

Factors Affecting the Selection of New Equipment. 

In selecting any type of equipment some or all of the following 
factors will require. consideration: 

1. The extent of thft use of the machine. Is it a special tool 
or can it be used on a wide range of work? 

2. Length of life. How rapidly will it depreciate? 

3. Kind and size of bearings and provision for lubrication. 
How many ball or roller bearings are used, are they of adequate 
size? Has the machine a central oiling system? Are there any 
bearings improperly provided with lubricating devices? 

4. Power consumption. Will the machine throw added load 
on the power plant? What is the nature of the driye — ^individual 
motor, single pulley, or cones for beli drive? Will it require a 
steady supply of power or is it intermittent in its power demand? 
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5. Ri^ity and strength of the members. Will the machine 
stand up under heavy loads ^ Will vibration and chatter make 
the equipment undesirable for the class of work that it must 
perform? 

6. Fire hazards. Is the equipment satisfactory in this respect? 
Will it affect the fire insurance rates? 

7. Safety and industrial codes. Is the machine safe for the 
operator? Will it be easily damaged by inexperienced or 
negligent operators? Is it *'fool proof ^^? Will the equipment 
satisfy all state or city industrial codes and requirements? 

8. Accuracy. Is the machine capable of giving continued 
service with the same accuracy as when new? 

9. Capacity of output. Will the machine give the desired 
output? Will it mean an over-equipping of the shop in that it 
will have to remain idle a considerable length of time each week 
or month? 

10. Cost. How does it compare with other equipment in the 
field as to first cost? ^How will the cost of the accessories and 
tools compare with those now in use? What will the repair 
bill be for the year? How costly will the installation be and 
how long will it take? Will it disturb the present equipment? 
Will crane service be needed? What provision will be required 
for compressed air, steam, hot or cold water, special voltage, 
alternating or direct current? What will the coolant cost? 

11. Floor space. What floor space will be required not only 
for the machine itself but for the accessories, overhang of the 
table or spindle, space for material, and the working space for 
the operator? Is the machine automatic, semiautomatic, or 
hand controlled? How conveniently are the controls arranged? 

12. Labor. Will the machine require skilled, unskilled, or 
semiskilled workmen? Can one workman operate several 
machimes? Will the v^rk be dirty, fatiguing, or noisy? Will 
the operator be subjected to constant vibration due to the 
machine?^ 


AMOUNT OP EQUIPMENT REQUIRED 

After the kind of equipment has been selected it is a much 
simpler matter to determine the amount that will be required to 
^ For a further discussion see M. S* Curtis, The Economies of Machine- 
tool Replacement, Meek Eng.y, vol. 49, No* 9, p. 969, September, 1927. 
Also, li. C. Morrow, Shop l^uipment Policies in Representative Plante? 
AfscA* Mnp.f VoL 49, No. 9, p. 970, September, 1927. 
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give the production desired. Of course, it^is diflScult to estimate 
the quantity of goods to be manufactured, but assuming that this 
is known, then the factors to be considered in estimating tht 
amount of equipment required would be as follows: 

1. The length of the working day and the number of shifts per 
24 hr. is fairly well standardized for a particular industry. 

2. The capacity of the equipment in units per hour can be 
estimated very closely. Manufacturers of new equipment will 
supply these data, or time studies can be made for this purpose. 
Allowances must be made for set-up and preparation time. 

3. A certain amount of time is required for maintenance and 
repairs on all equipment. Besides, it cannot be assumed that 
the shop will operate at 100 per cent efficiency. The average is 
more likely to be 80 to 90 per cent. 

4. The amount of equipment required will also vary with the 
type of industry and the arrangement of the machines in the shop. 

Determination of Economic Lot Sizes. 

In a jobbing shop or in an industry of the intermittent type, 
the set-up or preparation time of the machine becomes an 
importard factor not only in the calculation of the amount of 
equipment required but also in the economical operation of the 
factory. Figure 18 shows how the set-up cost and the number of 
pieces processed at one set-up affect each other. The determina- 
tion of the point of greatest economy in manufacturing lot sizes 
will involve (1) the total capital invested, (2) the preparation and 
set-up costs, (3) storage costs, (4) deterioration and obsolescence 
of the manufactured parts as well as the raw material, (5) the 
total manufacturing costs, (6) possible rate of production, z.e., 
yearly capacity of the plant, (7) sales demand, (8) rate of interest, 
(9) reserve held in stores for emergency purposes, and other 
factors. 

Considerable study has been directed towafrd the development 
of a mathematical equation which would make possible the accu- 
rate determination of economic lot sizes. It is entirely possible to 
set up formulas that will include all of the factors that could 
possibly enter into the problem. When this is done, however, 
the equation becomes rather involved and is likely to be objected 
to because of its complexity. For many uses a simpler formula 
may be substituted for the more complex one, since some factors 
may be of such minor importance as to be dropped without 
a^ppreciably decreasing the value of the formula. 
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Professor F. E. Raymond fias analyzed this problem very 
thoroughly and the results of his research are included in Appen- 
dix B.' 



Fig. 18. — Curves showing the effect of set-up cost on unit cost of piece. 

The data for the curves in Fig, 18 are given below. 


Table IV 


Number 
of pieces 
made per 
set-up 

f 

Set-up 

Curve EDH 
when the 
setMip cost 
is $1 

Curve CGH 
when the 
set-up cost 
is $5 

Curve ABH 
when the 
set-up cost 
is $10 

Total 

cost 

Cost 

per 

piece 

Total 

cost 

Cost 

per 

piece 

Total 

cost 

Cost 

per 

piece 

1 

1 X 0 . 50 -h set up 

1.50 

1.50 

6.50 

5.60 

10.60 

10.60 

10 

10 X 0.50 -b set-up 

6.00 

0.60 

10.00 

1.00 

15.00 

1.50 

20 

20 X 0 . 50 -h set up 

11.00 

0.55 

15.00 

0.76 

20.00 

1.00 

30 

30 X 0 . 50 + set up 

16.00 

0.533 

20.00 

0.67 

25.00 

0.83 

40 

40 X 0 . 60 H- set up 

21.00 

0.626 

26.00 

0.62 

30,00 

0.76 

50 

50 X Q,50 -b setup 

26.00 

0.52 

30.00 

0.60 

86.00 

0.70 

100 

100 X 0 ' 60 -f set up 

61.00 

0.61 

65.00 

0.56 

60.00 

0.60 


1 ^or A complete diecussioii of this subject see F. E. Raymond, "Quantity 
and Economy in Manufacture," McOraw-Hill Book Company, Inc., 1931, 
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Amount of Equipment Required, Sample Problem. 

Problem. — Determine the amount of equipment required for the manu- 
facture of 4,000 flywheel clutches per month of 25 working days. Assume 
an 8-hr. day and a shop eflftciency of 90 per cent. 

Because of the technical knowledge required, no attempt 
will be made to determine the kind of equipment required for 
the manufacture of the ‘ flywheel clutch. This part of the 
problem will be solved by taking the equipment that is now used 
by one of the large manufacturing concerns in this country. 
With the information at hand it then becomes the problem to 
determine the proper amount of equipment that will be needed 
to manufacture 4,000 clutches per month (see Appendix A). 
After the amount of equipment has been determined, another 
problem will deal with the layout and arrangement of this 
equipment in the factory in order to bring about the greatest 
efficiency possible. 

The methods of manufacturing each part have been listed 
on the operation sheets in Appendix A, and the standard time 
required by each machine for each operation is indicated. It 
is therefore necessary ‘to find the total time that each machine 
will be in operation and then divide this total by the number 
of hours that the factory will operate per month. The quotient 
will be the number of machines that will be needed to manu- 
facture the 4,000 clutches per month. The form shown in Fig, 
19 is a convenient way in which to collect this information. 
In the first column of this form is listed the number of the 
part, in the second the name of the part, and in the third thg 
number of pieces that will be required per clutch. The fourth 
column shows the number of pieces that should be made per 
set-up of the machine. If the continuous method of manu- 
facture were used, then the item of set-up might be neglected ; 
but since different kinds of clutches will be made, it becomes 
necessary to use the same machine for different kinds of work. 
For instance, the duplex automatic drill is used for milling 
the lugs” (operation 1 on the clutch shifter collar, part C106), 
and also this same machine is used for ‘^milling the flat on the 
tlange” (operation 4 on the front bearing retainer for the trans- 
mission shaft, part Cl 16). It is therefore necessary to set up 
the machine and process a number of the shifter collars and then 
' tear down the set-up and set up the machine for milling the 
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flat on the flange, etc. There are many factors involved in ilie 
determination of the number of pieces that should be machined 
at one set-up, as has already been explained. For this parse 
of the proUem the number of pieces that will be machined 
at one set-up is indicted in the fourth column of Fig. 19. I9 
the foUowing vertical columns of the dhart are indicated the name 
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of all machines that will be needed in order to perform all of the 
operations on the clutch, flywheel, crankshaft, and the timing 
gear. 




CHAPT'ER III 


PLANT LAYOUT 

Buildings, machines, tools, in fact the whole physical equipment 
of a manufacturing plant, are the instruments used to produce 
the finished product. It is the processes and methods of manu- 
facture that determine the layout of the factory. Once the 
building is erected and the machines and the departments are 
located it becomes a costly task to undertake wholesale alterations 
and changes. )In order to have the most economical factory 
arrangement, the flow of work should take the shortest route 
from one machine to the next. To attempt a plant layout 
intelligently requires a thorough knowledge of the details of the 
processes and methods of manufacture, as well as the kind of 
material to be used and the sequence of the operations to be 
performed upon the material. 

If a new factory is to be built, it is a much simpler task to make 
an efficient and practicaHayout of the machines and depart- 
ments than is the case where an old plant or department is to 
be rearranged. However, even in a new plant a permanent 
layout can never be attained, because new processes, mate^ 
rials, and methods are constantly being found which call for 
rearrangements. 

Tjrpes of Industries. 

A plant may ^'build'^ its product or ^^manufacture'' it. A 
large steam turbine, some heavy machine tools, expensive 
foreign cars are built, not manufactured. The parts for such 
products are machined as individual jobs and are, perhaps, 
fitted together by hand in assembly. The work of some small 
jobbing shops would consist of building, since the quantity 
to be made would be small and there would probably never be 
a repeat order. 

Quantity output and mass-production methods form the basis 
for •much of the manufacturing in this country today. 
limits and .tolerances are maintained, making aU parts inters 
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changeable. This idea of interchangeable parts probably origi- 
nated in Europe, but its adoption by American industry proved 
to be a great forward step, particularly in the manufacture of 
large quantities of standard parts. 

Manufacturing may be carried on by either the continuous 
method or -the intermittent method (sometimes called assembly 
or jobbing type). In the continuous process the machines and 
production centers are located in such a way that the raw 
material might be received into one end of the factory and 
pass directly through the plant, being finished and shipped 
without any retracing or delay. Sugar or petroleum refineries, 
wire mills, flour mills, and by-product plants are good examples 
of industries using this method of manufacture. 

Continuous industries may be either S 5 mthetic or analytical. 
An analjrtical industry is one in which the raw material goes 
through a series of operations and processes resulting in several 
finished products. Crude oil is refined into gasoline, kerosene, 
benzine, and other products. Com is converted into starch, 
oil, and syrup. 

Synthetic industries are those in which several raw materials 
^are used to make one finished product, as the manufacture of 
window glass, paper, rayon, and portland cement. 

In the intermittent method the raw material may be worked 
into partly finished goods and then stored, later to be withdrawn 
as needed and finished for assembly. Sometimes the parts are 
finished and subassemblies made and then these are stored until 
they are to be used to make up the finished product. Type-i 
writers, automobiles, washing machines, and other products ofj 
similar nature lend themselves to this method of manufacture. 

The above classification will aid in analyzing the problem 
of plant layout and may make it possible to formulate some 
general rules that can be applied to the industries falling into the 
different classes. 

The Major Factors of Plant Layout 

The problem of laying out and equipping a factory is a many- 
sided one, since there are so many elements that must be given 
consideration. The following factors seem to be of major 
importance in practically every layout: 

1. Methods of arranging equipment. 

2. Determination of production centers. 
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3. Methods of applying power to the machines. 

4. Location and co<;tf-dination of departments. 

6. Arrangement of service centers. 

6. The application of direct-line layout. 

7. Provision for adequate internal and external factory 
transportation. 

8. Provision for future expansion and growth. 

9. Consideration for safety and fire protection, city and 
state factory codes and laws. 

10. Provision for proper lighting, heating, and ventilation. 

Methods of Arranging Plant Equipment. 

There are two methods commonly used in grouping machines 
in the factory. First, the machines may be arranged according 
to their kind. Thus, all machines performing the same kind of 
work, such as drilling, might be placed in one department. All 
of the milling machines might be grouped together in another 
department, and so on. 



Prodtucf V 

Fig. 20. Fig. 21. 


Fig. 20. — Machines arranged according to the sequence of the operations to 
be i>erformed. Each department manufacturers one product. 

Fig. 21. — Machines arranged according to kind, a department for each type 
of machine. 

The second method is that of laying out the machines according 
to the sequence of the operations to be performed or according 
to the similarity of the parts to be manufactured. The layout 
of the department in this way wiE permit the work to flow in as 
direct a line as possible and this department will contain all 
of the equipment necessary to manufacture the finished part or 
parts eomi^tely. 
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Each of the two methods of layout has its particular merits. 
The first method gives greater latitude in the variety of parts 
to be made, makes supervision easier, and aids in the specializa- 
tion of operators and of departmental repair men as well as fore- 
men. By having all of the machines of a kind together in one 
department there is the increased possibility of keeping all of the 
machines in operation. This method also results in a lowei 
investment in equipment, since there is no need for duplicatioi* 
as might be the case in the straight-fine layout where the same 
type of machine would be required at more than. one place in 
the fine on different operations. It is possible that the machine 
would not be used to its capacity in either place. 

It is, however, often desirable to place in one department 
all of the specialized machines, such as automatic screw machines 
and lathes, gear bobbers, hardening and heat-treating equipment, 
nickel-plating apparatus, and the like. 

When machines are grouped according to kind, there will 
be more material in process, which means that the parts will 
accumulate after each operation, thus requiring more floor 
space around each machine and perhaps demanding special 
provision for storage between operations. The length of time 
from the first operation to the assembly department will be 
the total time of all operations, times the number of pieces 
in each lot. Since most machines require special set-ups for 
the different operations on different parts, it is economical 
to have a considerable number of parts in a lot or batch. By 
arranging the machines in fine instead of grouping them as to 
kind, it may take only a few hours for the parts to flow from the 
first operation to the last, while in the other method of layout 
it may be a week or so before the lot has passed through all of 
the different operations. Of course, by keeping the lot sizes 
small, the total time as well as the amount of material in process 
could be decreased. This would, however, be offset by the 
increased cost of set-up, handling, inspection, etc.. 

The second method of machine grouping reduces the handling 
cost and lessens the confusion due to such handling, It lends 
itself well to the use of gravity conveyors and reduces moves 
to the shortest possible distance. This method might be used 
to good advantage where the machines axe specialized or in 
the continuous type of industry where operations are grouped 
according to the character of the finished product. There may 
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be an advantage in manufacturing the product complete in one 
department, in that there will be no complications with other 
departments; also better control of output as to both quality 
and quantity may result. If machines are properly balanced 
as to their output capacity, much less attention would need be 
given to production control. There is also the possibility of an 
interruption on one machine, due to breakdown or hold-up 
in the work, affecting the flow of work on the following machines 
in the line. It is also more difficult to provide for expansion 
of the plant, especially where permanent conveyors and other 
equipment have been installed. Some manufacturers making 
several lines of products may arrange the machines in direct line 
to manufacture the main parts of the product and then group 
the machines which make the minor parts. 

In arranging the machines according to the sequence of the 
operations in a direct-line layout, it has been inferred that there 
might be one machine of a kind followed by one of and her, but in 
many cases one machine does not have sufficient capacity to do 
the amount of work required; then two or more would be used 
and the parts would flow from one group of machines to another. 

In assembly or intermittent industries where relatively small 
quantities of many different parts are made, it is likely that the 
first method of grouping would necessarily be used; while in the 
continuous industries and where special machines and equipment 
are necessary, the second method of grouping would find extended 
use. 

It is sometimes more desirable to have several small depart- 
ments containing the same kind and type of equipment than one 
very large department for all of this equipment. This makes 
it possible to locate the several small departments so that ‘'back 
tracking” is reduced to a minimum. 

Automatic Frame Plant* 

The A. 0. Smith Corporation operates an automatic assembly 
plant in Milwaukee capable of assembling 10,000 automobile 
frames per day. Figure 22 shows the straight-line layout. 

“There are 10 lines or production units, operating in syn- 
chronism. Broadly speaking, the whole plant is geared to a single 
rate of output, so that the same impulse which takes in a set of 
strip steel blanks at the receiving end of the line may be said to 
driver a finishejJ frame at the shipping platform . . . 
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^‘Dividing the plant in 10 units also provides a necessary flexi- 
bility, in case of interruption of one line. Otherwise the whole 
plant would have to stop if a single operation jammed. 

'‘The first of the 10 units receives the raw material and auto- 
matically inspects, cleans, pickles, and oils the steel strips. This 
unit operates on the ordinary con- 
tinuous-flow principle but at the 
same proportionate speed as the 
reciprocating lines. It delivers the 
steel to the second unit, or press Une, 
which offsets, pierces, blanks, and 
forms the side bars, both right and 
left hand. This whole line of presses 
is driven by a single 500-hp. motor. 

The side-bar blanks are advanced 
from one press to the next by a series 
of reciprocating rails with feeding 
dogs. These dogs push the piece in 
steps, from the bed of one press on to 
centering dowels in the next, turning 
over every other bar in order to make 
right and lefts. 

"The third unit completes the side 
bars and assembles the various small 
brackets and fittings required. The 
next four units form complete the 
four cross-members of the frame 
including the front and rear engine 
brackets. 

"These four lines and the side-bar 
assembly line run parallel to the 
length of the shop and meet the 
eighth unit, the general assembly 
line, at right angles, as shown in Fig. 24. These five lines all 
Operate on the reciprocating principle, the same as the first unit. 
Each of the crossbar lines is driven by a single motor of 100 hp. 
The side-bar line requires 200 hp. 

"Final inspection and repair are handled by the ninth unit, 
while the tenth is enameling and baking, which is done in the 
usual way on a continuous conveyor. 



Flo. 22. — Layout of the auto- 
matic frame plant. {Courtesy of 
the A. O. Smith Corporation.) 
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Fig. 23 — Automobile frame plant side-bar parts assembly line Forminir 
presses are in the foreground This plant not only has been laid out for straight- 
hne production but it is also automatic in its operation. {Courtesy of the A. 0, 
Smith Corporation ) 



9^. 24.---tPart of the final asaemUy line of the automoHIe ^rnine plant. 
(Courtesy of the A. 0. Smith Corporation^) 
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“A description of the side-bar assembly line will illustrate 
the method employed in all the other lines. This line is equipped 
with 38 carriages, linked in a chain which passes through 18 
working positions and returns empty. On each side of the line, 
. and parallel to it, is a pair of long racks — heavy bars provided 
with gear teeth — which serve to transmit the power simul- 
taneously to as many as 100 riveting machines, shears, and other 
tools placed along the line. . . . 

** A few of the operations on this side-bar line, such as placing 
rivets, are performed by hand. On the final assembly line, how- 
ever, even this work is automatic. A machine was developed 
which picks up each part of the frame separately, brings these 
parts into alignment, and holds them there while 60 or more 
rivets of various sizes are shot into the rivet holes by compressed 
air. In a few seconds all of the rivets are in place, then this 
same machine again picks up the frame and puts it on a truck. 

^'This truck is one of an endless chain which moves through 
13 more stations, at the last of which the completed frame is 
stripped off . . . 

‘^The cost of a change-over, when a new order is to be run, 
is a vital question. When we come to the end of a run, the plant 
is shut down from to 12 hr., while a force of 200 mechanics 
change dies and reset tools. The cost of a set-up does not 
justify making runs of less than 10,000 fro^mes, and every effort 
is made to secure longer runs.^^^ 

It might be added that it took 5 years and $8,000,000 to build 
the automatic plant as described above. ^^Ten times the plant 
was built on paper at a cost of $1,600,000 for pencil roughs,” 
states L. R. Smith, president of this company. 

Production Center. 

The amount of floor space actually occupied by the machine 
does not give sufficient information for the layout. In addition 
to providing space for the machine itself, it is necessary to have 
room for the material in process, which must be placed conven- 
iently for moving the pieces both to and from the machine. The 
operator must have sufficient working room and space must be 
provided to get the material to and from each machine. Further- 
more, tool racks and auxiliary equipment are often needed. 

^ Rbdun, a. W., Automatic Assembly, Factory and Jnd, Managements vol, 
77, No. 1, p. 48, January, 1029. 
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Individual motors may be built into each machine or they may be 
placed on the floor near the machine, and when this is the case 
extra space must be provided. 

When belting is used to drive the machine from overhead 
shafting or from a shaft placed on the floor, special consideration 
is required. The machine may be very heavy or because of its 
intermittent action it may set up an unusual amount of vibration, 
necessitating special foundations. The work place, including 
the machine and its necessary equipment is called a production 
center. 


Dfmensions of 
iht f^achme 
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Area 116 4 sq ft 
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Belt Drive 
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Production Cerrter 
Width 14 5 ft 
Depth non 
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’ Skid 
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Bench 
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\33^mS0^'V 
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^ of a 5 ft Side Aisle 


Fig. 25. — Layout of a production center for a horizontal milling machine. 


Figure 25 shows the layout of a Milwaukee horizontal milling • 
machine. This production center includes space for the machine 
as well as that required for the overhang of the table. Skid 
platforms are used for incoming and outgoing work in process. 
A bench with a heavy wood top and two cast-iron shelves pro- 
vides space for the auxiliary tools and equipment that may be 
needed at the machine. Half of the side aisle as well as working 
space for the operator is considered as a part of the production 
center. The machine itself occupies only 116.4 sq. ft. of floor 
space, while the production center requires 246.6 sq. ft. This 
last figure is the one that is used in laying out the space for this 
machine. 


Methods of Supplying Power to the MacMues within the Plant. 

The old idea of having a single motor or engine furnish power 
to the entire plant has given way to the more modem methods* 
Today power may be supplied to the machines in either of two 
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distinct ways, and in any shop it is likely that both of these 
methods will find their uses. (1) An individual motor can be used 
to drive each machine ; or (2) several machines may be grouped 
together, these being driven by belts connected to a jack shaft 
which is driven by a single motor. In this manner all of the 
machines in one department might be driven by one motor. 

Many machine builders have designed their machines with 
the built-in motors transmitting the power to the machines by 
(1) belt, (2) gearing, (3) silent ^ain, and in some cases with the 
(4) motor direct connected to the spindle or shaft carrying the 
cutting tool. More than one motor is often used on a single 
machine and this frequently simplifies problems in machine 
design, especially when the machine spindles are not parallel to 
each other and where it is necessary constantly to vary the angle 
either in operating the machine or in setting it up. Motors and 
startfcrs are now built in very compact form and it is possible to 
have the complete unit contained within the machine itself. It 
is simply a matter of disconnecting the wiring when it becomes 
necessary to move the machine to some other location in the 
shop. It seems that the individual drive has its widest use for 
woodworking machinery, high-speed drills, and grinding machines 
of all kinds. 

There are a number of factors which favor the group d^ve 
and in many cases the initial cost of the group drive installed 
is very much less than individual motor drive for each machine. 
There are several reasons for this. With individual motor drive 
the motor must be of sufficient capacity to carry the maximum 
load that the machine will ever require. Assuming that eight 
machines of similar kind are grouped together and that all are 
connected to a common shaft driven by one motor, it is safe to 
say that this motor need be only 20 to 30 per cent as large in 
capacity as the sum of eigl^t individual motors driving these 
machines. This is true because it is not at all unusual to find a 
machine running idle one-quarter to one-half of the time while 
work is being placed in the machine, inspected, gaged, or removed 
from the machine. The peak load on each of these eight machines 
would not be likely ever to come at the same time. Besides, 
one or two of the machines might be idle a large part of the 
time due to lack of work or to being down for repairs or set up, 
and even if the motor is overloaded for a short period it will not 
heat up enough to injure the windings. 
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Wi&k, Motoriced liaiid<«BoreW maehine departm^t. (C<mHe$tf of the Weetem 
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It is apparent that the group drive has the advantage from 
the point of initial cost and in many cases it is the most economical 
to operate. The maintenance cost of a 40-hp. motor, for example, 
is very little greater than that of a 2- or 3-hp. motor. Of course 
the repairs will cost more for the large motor but this is less than 
one-quarter of the maintenance cost, labor being the greatest 
factor involved. It takes almost as long to inspect a small 
motor with its starter arf it does a large one, and so in the above 
example this would favor the group drive eight to one. Installa- 
tion costs as well as power consumption adds to the desirability 
of using the group drive. 

Since the ordinary induction motor requires abo^t as much 
magnetizing current at light loads as at full load, it is apparent 
that the power factor of a plant using a great number of small 
motors running at from one-quarter to one-half fuU load or less 
will likely be low, and that means a higher power cost. It is 
not at all impossible to have a motor on group drive average 
85 to 90 per cent of its full load; half to one-third of this figure 
would be considered very good average performance for individual 
motors. In some plants the low power factors become so serious 
that some definite steps must be taken to remedy the condition. 
When possible, all motors should be carefully selected so that 
each machine will have the correct size of motor for the work to 
be done by the machine which it drives. This is often a much 
smaller motor than the one supplied as standard equipment by 
the manufacturer of the machine. Where large power units 
can be used and where low speeds are needed, it is possible to 
use s 3 aichronous motors which will help correct a low power 
factor. 

The individual motor drive is a very flexible arrangement, 
and where machines are carrying a heavy continuous load or use 
power intermittently, it is likely that this drive would be most 
economical. , Of course individual motors are used on all portable 
machines as well as on machines which are used by the main- 
tenance department and those commonly used during overtime 
or odd shifts. The individual motor drive eliminates the hazard 
of breaking belts, and in some shops dripping oil and dust and 
dirt from overhead pulleys are very undesirable. With a motor 
for each machine the cost and maintenance of the overhead 
shafting are eliminated, but where gear or silent chain drive is 
used in connecting the motor to the machine the motot is sub- 
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jected to the sudden jerking of the machine which is smoothed 
out by a longer leather belt. The inertia of belting, shafts, and 
the other machines of the group also help to absorb and even 
out the sudden pulls that would take place intermittently. 

The individual motor drive makes possible the elimination 
of the mass of overhead belting, shafting, pulleys, and shifting 
levers which impair the natural and artificial lighting and distract 
from the general appearance of the shop. In general, the present 
tendency is toward the greater use of individual drive rather th^n 
group drive. 

Location and Coordination of Departments. 

Knowing the number of each kind of machine and each unit 
of equipment needed, and having decided upon the arrangement 
of the machines, the next point to be considered is the location of 
the 'departments. If a multistory building is to be used and the 
industry falls into the continuous type, it might be well to 
store the raw materials on the top floor and have the general 
flow of work from the top to the bottom of the building. In 
this event the manufacturing or processing departments would 
be located according to their natural sequence. Exceptions 
to this rule would be made where parts are heavy, bulky, fragile, 
or require operations of a hazardous nature. The transportation 
of bar stock or heavy castings can be minimized by placing the 
departments using such material near the receiving and storage 
departments, while at the same time it might be more economical 
to store and machine the small parts on upper floors. Equipment 
and processes involving dust and objectionable fumes and gases 
are usually separated from the rest of the plant by partitions, 
and operations that are hazardous or especially noisy may be 
placed in separate buildings. The testing departments may m^d 
to be free from noise and vibration, and when this is the case 
special thought must be given to the location of such efepartments. 

In locating the shipping and receiving departments^^onsidera*. 
tion must be given to the relative positions of the other depart- 
ments of the plant as well as the location of the railroad sidings, 
industrial railroads, driveways, and raw- and finished-material 
storage spaces. It*is often found that these two departments 
can be conveniently located near each other, often side by side. 

Adequate provision must be made for the storage of raw mate- 
rial and finkhed products. These storage spaces may be adjacent 
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Fia. 28 . — General layout of the foundry showing the relative position of the 
various departments, Caterpillar Tractor Company. {Courtesy of tho Foundry,) 


are convenient to the outside entrance or to the main passenger 
elevators. 

It is the policy in some plants to have a number of small 
, departin|int8 with few supervisors rather than a large department 
with more supervision. In either case, consideration must be 
given to the balance of the different departments and operations. 
By balance of departments is meant the equalizing of their 
capacities per unit of finished product made. It is not at all 
unusual to find one department in a factory equipped to turn 
out twice as much as another department. It may be, for 
exahiple, the heat-treating department or the final-assembly 
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department that is the bottle neck/^ This so-called “key^^ 
department determines the maximum number of finished units 
of the product that can be produced per day. It is a waste of 
capital to have this unbalance in capacities of departments. 

In the design of the automatic frame plant of the A. O. Smith 
Corporation, the very greatest care was exercised to see that 
all parts are manufactured and supplied to the final assembly 
line as they are needed. A. W. Eedlin, assistant works manager 
for this company, explains: 

^^The average automobile frame is composed of 125 parts, 
and 500 to 600 operations are required to produce the finished 
frame. The automatic plant alone turns out 10,000 such frames 
every 24 hr., and accordingly the machinery is performing some 
5,000,000^ operations in a day^s production. It is indeed a 
sizable figure, and it means something when one considers that 
every one of the operations must be perfornfed correctly or such a 
plant would not be practical. Still more significant is the feat 
of manufacturing the more than 100 parts for. the frame in as 
many different places in the plant, to have them meet at one place 
on schedule, to piece them together at the rate of a complete 
unit every 8 sec., and to repeat this accurately ten thousand 
times in succession every day. 

**The manufacturing building has a productive capacity of 
450 assembled frames per hour, and in order to supply parts, each 
unit preceding the general assembly has a capacity of 4^0 pieces 
per hour. For similar reasons it is necessary to have the same 
capacity for the raw-material handling machines. Thus the 
inspection machines can handle 900 strips per hour, the pickling 
machines upward to 1,100 tons of steel per day, an^ finally the 
painting machines can turn out 460 frames per hour.'^^ 

This automatic plant is the last word in balance of departments, 
but any factory can approach this by using care in the selection 
and arrangement of equipment. 

Arrangement of Service Centers. 

Service centers include locker rooms and dressing rooms, 
wash rooxEjus, showers and toilets, rest rooms, tool storage, and 
parts storage, which may include space for parts in process as 
well as finished units. 

^Rbsolin, a. W., Handling Materials in an Automatie Frame Plant, 
Tram4 AJSMS.t MH-42-14, p. 101, Septexnber-December, 1930. 
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Fig. 29. — A tool room, showing method of storing small tools. {Courtesy of the 
Lyon Metallic Manufacturing Company^) 
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storage shelves of the Brown I»ipe Gear Company, (Coutkan 
of tho Metallic Mf^nufaxturim Comwmy,) 
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Wherever possible it is well to place the wash rooms, elevators, 
and stairways in separate wings attached to the main buildings. 
Where a multistory building is used these would form a tower 
running from the first floor to the top of the building, and this 
arrangement not only frees the main manufacturing floor from 
these obstructions but materially aids in solving fire-protection 
problems. Where wash rooms are placed one above the other, 
considerable saving in plumbing cost will result. 

In multistory buildings it is better to have locker and dressing 
rooms on each floor than to have one large room for this purpose 


Cafeteria and Recreation Room 
50 ‘k 120* 



Fio. 31. — A well arranged layout for the employment and medical departments 
of an industrial plant. The Ballinger Company, Architects and Engineers. 
(Courtesy of The Architectural Forum.) 


on the ground floor. By having separate rooms for each depart- 
ment or for each class of workmen, it is possible to lessen the 
confusion and congestion at the exits, stairways, and elevators 
at quitting time. Also, this arrangement tends to prevent theft 
in locker rooms where individual lockers are not provided for 
each employee. The location of the locker room in the d^wkrt- 
ment should be such that it will be natural and convenient fat the 
worker on entering the department to go first to this romn and 
change his clothes before ringing in his time card. This last 
point is insisted on by many managers, and if some thought is 
given to the location of these units from this ang^ the matter 
will take care of itseH. 
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There are laws in some states requiring that a certain minimum 
number of units be installed in the wash rooms and toilet rooms 
per 100 workmen employed. It is better to install too many units 
than too few. Certainly provision should be made for additional 
units to be added as needed. 

Rest rooms are always provided where women are employed 
and it is well to have this room separate from the other units. 
Often a large sun parlor or i^eneral recreation room is provided 
for the women employees in addition to the smaller rest rooms in 
the different departments. The large room is used at noon and 



Fig. 32. — Plan of the kitchen and a portion of the cafeteria of the American Can 
Company, Chicago {Courtesy of the Architectural Forum.) 


perhaps before and after working hours. In size it should be 
sufficient to accommodate all of the women workers in the 
building. 

Tool rooms, which may include facilities for tool sharpeiung 
and repairing, should be located at convenient points in the 
factory. There is usually one central tool room and then a 
number of smaller tool cribs in different parts of the plant. By 
having an adequate number of these tool cribs it is possible to 
give better service to the worker at the window and also save him 
time in going from his work place to and from the tool crib. 

Storage for parts in process should be located with the idea 
of reduoiag the handling as much as possible. Where the parts 
are bulky and heavy, they certainly would not be moved from one 
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floor to another or from one department to another just for 
convenience in storing. In plants making light units it is often 
advisable to have the storage rooms on the top floors and, by the 
use of gravity conveyors, to send the material down to the 
assembly lines or benches as needed. In most cases parts are 
stored in enclosed rooms; however, it is sometimes more desirable 
to mark off a space on the floor in each department to be used for 
temporary storage of parts, jigs, fixtures, and other similar 



Tig. 33. — General plan of forge shop at the Willys-Overland plant, showing 
forged parts. Straight-line production has been adopted 


apparatus, while they are waiting between operations. Mezza- 
nine floors are very convenient for material storage as well as for 
other service units. This arrangement often prevents congestion 
and saves considerable floor space. 

In pl^ts where dining rooms and cafeterias are provided it is 
often desirable to locate these on the first or second floor or in 
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well-lighted basement rooms. A central location with plenty of 
light and ak as well as ease of accessibility is another necessary 
iTequirementf A dining room can be arranged most satisfactorily 
if the room is rectangular in shape. 


Direct-line Layout. 

Where the machines in the department are grouped according 
to the kind or according to the nature of the work being done, it 



location of departments, layout of equipment, and routes followed by typical 
throughout. {Courtesy of the Willys^Overland Company.) 

% 

is always desirable to provide for a smooth, direct flow of work 
from one machine to another. If. a multistory building is used, 
the direction of flow may be from the first floor to the top, the 
raw material being stored on the first floor and the first operations 
being performed on this floor. In other tj^s of industries it is 
desiraMe to move the raw material directly to the top floor for 
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storage^ gravity then being used for moving the processed mate- 
rial from floor to floor. The finished product woul^ be stored on 
the first floor from which it would later be shipped. 

In a recent layout at the Mansfield plant of the Westinghouse 
Electric and Manufacturing Company, provisions were made to 
manufacture safety electric switches in large quantities. A two- 
story building was used and the storerooms were located on the 
second floor, gravity being used to move the material to the 
desired points on the lower floor for processing and assembly 
operations. , 

While crowding machines together is not desirable, it is 
always good layout to have the moves from one machine to the 
next as short as possible. Figure 33 shows a forge shop arranged 
to give short moves and straight-line layout, and this is not a 
continuous industry. 

Internal and External Transportation. 

The methods of handling materials during the process of 
manufacture will be different in a large factory of the continuous 
type from that in a jobbing shop. Belt and roller conveyors and 
special handling equipment can be employed when mass produc- 
tion warrants the expenditure and when the equipment will be 
used to capacity. In the smaller factories, trucks, cranes, hoists, 
and various kinds of similar equipment will find extended use. 

The material handling between buildings and in the yards 
and outdoor storage areas will be done by narrow-gage railroad, 
gasoline and electric motor trucks, tractors, etc. Provision 
must be made for the switching, loading, and unloading of freight 
cars and this is a part of the transportation problem. 

The proper selection of materials handling equipment is of 
such great importance to practically every factory that a separate 
chapter has been given to the discussion of this subject. 

Provision for Future Expansion and Growth. 

It is well to plan a building much larger than the present 
business requires and then actually build only sections as they 
are needed. The layout of the Dunlop Tire and Rubber Corpora- 
tion is shown on the following page. From Figs. 34 and 35 
it is apparent that provision has been made for additions to the 
plant when they are needed. 
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Fig. 34.— Aerial view of the plant of the Dunlop Tiro and Rubber Corporation 
showing the arrangement of buildings and provision for future expansion. 
{Courtesy of the Dunlop Tire and Rubber Corporation.) 
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In making additions, consideration must be given to the 
existing arrangement of the departments, equipment layout, 
service centers, lines of transportation, etc. These should be 
disturbed as little as possible by additions of new buildings 
or wings to the present structure. In some cases it is possible 
to add additional stories, and where this is planned, provision 
must be made in the original foundations and column strength 
^or the additional load. Where the cost of the ground permits, 
the expansion will be made laterally, and additions should be 
connected up with the present buildings in as eflBcient manner 
as possible. 

Safety and Fire Protection and Industrial Codes. 

Accident and fire prevention are administered by trained men 
who have an important position in the modern factory organiza- 



"f'Plan «U’'Plan 'T'PIcin 

lOupli'cfli+e) 

Fig. 36, — Possible directions of expansion where buildings are grouped. 

tion. The director of safety, as he is often called, is assisted by a 
competent staff and he is responsible for reducing the hazards to 
a minimum in and around the factory. A fire chief is maintained 
on the staff if the nature of the business warrants it, and adequate 
fire**figbting equipment and personnel should be provided. 
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It is not the purpose here to explain the organization, direction, 
or maintenance of a department for the prevention of fires and 
accidents in the factory but it is the plan to explain certain funda- 
mental rules and principles that must be considered in the con- 
struction and layout of an industrial plant. 

1. It is necessary to comply with all local and state labor 
laws and rules and with the industrial codes. 

2. It is desirable to offer as much protection as possible in 
order to lower fire insurance rates, to reduce the cost of work- 
men's compensation, and to lower the premium paid where group 
insurance is used. 

3. It is desirable to go beyond the requirements of the law 
in fire and accident prevention to provide every means possible 
to make the factory a healthful and attractive place in which 
to work, to provide adequate sanitary equipment, and to incor- 
porate such additional features, as lunch rooms, cafeterias, 
reading rooms, club rooms, first-aid rooms, and hospitals, as 
will directly or indirectly benefit the workmen. 

State and Local Industrial Codes. 

Most states and cities are very liberal as to fire, safety, and 
sanitary requirements, but some have rather stringent and 
well-defined laws which must be observed. The industrial codes 
of the different states and cities will be reviewed and the most 
important rules will be given. 

There are certain unwritten laws which are used in construction 
work and in factory layout. These rules and practices are 
the results of many experiments and long experience and seem to 
be almost universal in use. Such items as might be termed 
“good practice^’ will also be given. 


Industkial Codes 


1; Doors. 

\i. All doors shall be of fireproof construction and be of the self-opening 
type. 

h. Horizontal exits shall have an unobstructed width of not less than 
44 in. 

c. All doors shall open outward. 

d. The width of the hallways and exit doors leading to the street 
level shall not be less than the aggregate width of all stairways 
leading to them. 
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2. Exits. 

a. There shall be not less than two means of exit remote from each 
other, one of which on every floor above the ground floor shall be 
an interior enclosed fireproof stairway or an exterior enclosed 
stairway, and the other a stairway or a horizontal exit. 

h. No point in any floor area in an unsprinkled building shall be more 
than 100 ft. (150 ft. if sprinkled) from one such means of exit. 

c. Whenever any floor area exc(*eds 5,000 sq. ft. there shall be provided 
one additional means of exit as described for each 5,000 sq. ft. in 
excess of 5,000 sq. ft. N. Y. Industrial Code, Art. 79-a, Sec. 2. 

3 Factory Construction. 

a. All buildings more than four stories in height shall be of fireproof 
construction. 

4. Elevators. 

а. Doois to elevators must be fireproof, full width, and have wire-glass 
windows. 

б. Elevators (freight or passenger) must be enclosed in a fireproof 
shaft. All openings shall be provided with self-closing gates or 
sliding doors. 

c. It is not good practice to wind stairways around the elevator shait. 

d. Freight elevators are 8 by 10 ft., 10 by 10 ft., or 10 by 12 ft. 

6. Stairwaj^s. 

а. Stairways shall be constructed of incombustible material and shall 
have an unobstructed width cf it lea.st 44 in. through their width 
except that handrails may project not more than 3^ .n. into such 
width. 

б. Stairways shall be not more than 12J^ ft. in height between succes- 
sive landings. 

c. The treads shall be not less than 10 in. wide exclusive of nosing, 
and the rise shall be*not more than 7% in. 

d. No stairs with winders’^ shall be allowed except from one floor to 
another 

€, Every stairway shall be enclosed on all sides by fireproof partitions 
extending continuously from the lowest story to 3 ft. above the roof. 

/. All stairways serving as required means of exit shall extend to the 
roof and shall lead continuously to the street or to a fireproof 
passageway independent of other means of exit from the building 
opening on a road or street. 

g. Provision shall be made for the adequate lighting of all stairways 
by artificial light. N. Y. Labor Law and Industrial Code, Art. 
79-a, Sec. 3, p. 55. 

6. Partitions. 

a. All partitions m the interior of the buildings of fireproof construction 
shall be of incombustible material. 
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7. Fireproof windows. 

a. Fireproof windows shall be windows constructed of metal frames 
and sash covered with metal and provided with wdre glass and of 
the automatic, self-closing type. 

8. Number of occupants. 

o. Not more than 14 persons per 22-in. width of stairway, and no 
allowance is made for any width less than 22 in. (multiples of 22 in. 
only). 

h. One additional person allowed for each 16 in. over 10 ft. of peiling 
height and one for each 22-m. width of stairway, also one additional 
person may be permitted for each 5-ft. landing. 

c. The number of persons may be doubled if an automatic sprinkler 
system is installed. 

9. Exhaust fans. 

a. Where poisonous or injurious dust, fumes, or gases shall be created 
by machinery or material in process of manufacture, provision 
shall be made for proper hoods and pipes connecting with exhaust 
fans of sufficient capacity to remove dust, fumes, or gases at their 
point of 0 |^igin and prevent them from mingling wdth the air in the 
room. Penn. Labor Laws, Sec. 11. 

10- Washrooms, lockers, and lavatcxries. 

a. Location as convenient to the shop as possible, wuth separate rooms 
for each but grouped on each floor. 

h. Wash room large enough to handle one-half of the people employed 
on the floor. (N. "Y. Code requires one wash basin with water- 
supplied faucet for each 20 employees employed at any time.) 

r. Locker room shall contain a locker for each person. Separate rooms 
must be provided for women. Where more than 5 and not more 
than 10 females are employed, the floor space shall be not less than 
60 sq. ft., and for each additional person not less than 2 sq. ft. 
N. Y. Code, Rule 158. 

d. Each locker and wash room shall have at least one window or one 
skylight opening directly to the outdoor air. 

c. The number of lavatories and closets required shall be based upon 
the maximum number of persons employed at jiny time on the 
given floor. 


Number of 
persons 

Closets 

Ratio 

Ito 16 

1 

1 

1:15 

16 to 35 

2 ! 

1:17.5 

36 to 55 

3 1 

1:18.3 

56 to 80 

4 

1:20,0 

81 to 110 

5 

1^:22. 0 

111 to 150 

6 

1*25.0 

151 to 190 

7 

1:27.0 
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Thereafter accommodation shall be at the rate of one closet for 
every 30 persons. N. Y. Code, Rule ibo, 101, 102, Law 293, Rule 
148. 

11. Machinery to be safeguarded. 

a. Ail vats, pans, saws, planers, cogs, gearing, belts, shafting, setscrews, 
grindstones, emery wheels, flywlieels, and machinery of ev(‘ry 
description shall be proper!/ guarded. The floor space of no 
working room in any establishment shall be so crowded with 
machinery as thereby to cause risk to life or limb of any employee 
nor shall there be in any estabhshinent machmery in excess of the 
sustaining power of the floors and walls thereof. Penn. Labor 
Laws, Sec. 11. 

Provision for Proper Lighting, Heating, and Ventilation. 

The benefits to be obtained from proper lighting are so great 
and the principles and requirements are so simple that the execu- 
tive need not have a large technical background to understand 
them. Separate chapters will be given to the whole subject of 
factory lighting. 

Heating, ventilation, and air conditioning require considerable 
study to bring about greatest economy in operation and to give 
just the desired degree of control. The comfort of the worker 
is vital, and a combination of proper temperature, humidity, and 
air circulation should be maintained to give uniform and proper 
condition to the air. 

Many industries require special air conditioning and very 
closely regulated temperature and humidity in order to give 
uniform quality to the product being manufactured. In some 
cases the success of the process hinges solely on the maintenance 
of predetermined air conditions and warrants an elaborate and 
costly installation of equipment to give uniform air conditions 
the year round. Bakeries, paper mills, textile mills, chemical 
plants, and printing establishments might fall under the above 
classification. 

The question of selecting the proper equipment for a particular 
plant is one requiring considerable technical knowledge and 
experience in the field of heating and ventilation. In most 
cases the executive will do well to use consulting service or turn 
the problena over to competent engineers who are employed on the 
stajff for the purpose. 

The Use of Templets in Layout 

Few manufacturers today would make changes in the layout 
of their equipment or arrange a new layout without first making 




-Cardboard templets show the proposed arrangement of equipment in a section of the manufacturing department. 
{Courtesy of the Caterpillar Tractor Company,) 
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a careful drawing of the exact location of the machines on the 
factory building floor plans. 

The use of paper or cardboard templets of the machines, cut 
out to the same scale as the factory building floor plans, will aid 
in finding the most suitable arrangement of the equipment and 
help visualize the layout on the drawing board. 



Fio. 38. — Models of desks, filing cases, and office equipment used in the 
layout of the fourth floor of the motor building of the Otis Elevator Company. 
Locker rooms and the stationery and mailing division are shown in the upper 
right>hand corner. {Courtesy of the Otis Elevator Comyany^) 

Figure 37 shows proposed changes in arranging production 
equipment as it was being worked out at the Caterpillar Tractor 
Company factory. The Otis Elevator Company went so far as to 
use scale models in planning their new office building, as Fig. 38 
shows. 





CHAPTER IV 


MATERIALS HANDLING 

Provision for the transportation of materiak within a factory 
is one of the major factors in plant layout. In some industries 
such as a rolling mill or a continuous plate-glass plant the entire 
process is built around the handling equipment. The question 
of factory transportation is generally considered of prime impor- 
tance in plant location and may even determine the particular 
site that is sel^ted for the factory. Some industries find it 
economical to make use of gravity in solving their materials- 
handling problems. Figure 39 shows the layout of a furniture 



Fig. 39. — Furniture manufacturing plant with gravity equipment prevailing in 
the materials-handlin g system . ( Courtesy of Factory and Industrial Management*) 


manufacturing plant which is so arranged that the floor line is 
actually pitched from 0.5 to 1 per cent, from the green lumber 
storage tracks at one end of the plant to the shipping department 
in the other. This permits the movement of material through the 
faotbry by gravity alone. 

Factors Afiecting the Selection of Handling Equipment 
It is not an easy task to provide the most effective and most 
economical materials-handling equipment for a factory. It might 
seem that there is such a wide variety of equipment to choose 
from that the problem would not be difficult, but, as a rule, each 

er 
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one of the different materials-handling devices has particular 
^advantages that the others do not have. Therefore it becomes 
necessary to examine each existing problem very carefully and to 
analyze the situation from a number of angles such as; 

1. Fitting the handling devices to the production equipment 
so that the plant will operate as one unit. This will require 
the coordination of manufacturing equipment and handling 
devices in the different departments. As a result there will 
probably be a decrease in the production space required, permit- 
ting a greater output in the same area. 

2. The more effective use of labor may be accomplished in 
three ways. First, by the elimination of hand labor wherever 
economically possible. Second, by increasing the amount of 
material moved per man. And, third, by delivering material to 
the worker as fast as he needs it, which will result in the saving of 
waiting time of both the man and the machine. 

3. By reducing the manufacturing cycle, the inventory of 
goods in process is decreased, which not only releases the capital 
that would otherwise be tied up but also releases storage space 
for other purposes. Then, too, the control of production is 
facilitated, steadier deliveries are assured, and greater economy 
in purchasing may logically result. 

4. The flow of material should be as direct as possible. This 
is not so difficult to arrange in a straight-line layout, but even 
where machines of a kind are grouped in separate departments 
it is often possible to make improvements in handling economy 
by a careful study of the relative location of departments with 
respect to materials handling. 

6. Coordination of materials handling in the plant to shipping 
methods, where skids, racks, or special containers are used, may 
result in a considerable saving in both time and money to the 
shipper as well as to the customer. The use of skids for shipping 
is rapidly gaining favor. 

A slight change in the design of the product may facilitate 
the handling. The accident hazards of one handling device over 
another may influence the selection of a particular type. A 
study of the total weight of material and equipment that must 
be handled to produce each pound of finished product is another 
angle to be considered in analyzing the problem. 

In the foundry of the Blake and Knowl^ Works of the Worth- 
ington Pump and Machinery Corporation, for example, a carefti 
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analysis was made, and it was determined that 152 tons have to 
be handled for every ton of brass castings. For making 1 ton 
of iron castings, 206 tons of material have to be handled. These 
figures include the handling of the metal to and from the melting 
furnace, all handling of materials used in core making, handling 
of sand equipment in molding, handling in the process of cleaning 
and snagging, and delivery to the shipping room. 

Harold V. Coes suggests that the selection of a particular 
kind of materials-handling equipment should be predicted on the 
following data: 

а. The nature of the commodity or commodities to be handled. 

б. The size, shape, weight, relative fragility, etc. 

c. Amount to be handled per hour, per day, etc., in (1) pieces, 
(2) pounds, (3) tons, or (4) units. 

d. Distance the parts or commodities are to be moved horizon- 
tally or vertically or both. 

e. Type of container, skid, rack, etc., on which parts of the 
commodity are received at the point of translation. 

/. Standardization of factors in item e. 

g. The number of times the part or commodity is now being 
handled. 

h. The effect of speed of translation on the article or articles 
to be handled. 

z. Production rate of the equipment at the originating point 
of translation. 

j. Sequence of manufacturing operations. 

k. Interplant and department relationships. 

‘ 1. Location of raw, process, and finished stock rooms. 

m. Location of incoming and outgoing railroad spurs, roads, etc. 

n. Cost of unskilled common labor. ^ 

Handling by Machinery Instead of Men. 

The following rules have been suggested by R. H. McLain 
of ijie General Electric Company to show when greater economies 
might be expected to result from the use of machinery instead of 
men unaided by mechanical devices: 

1 Eidmann, F. L., Materials Handling as an Aid to Production, Trans, 
A.S.M.E,, vol. 50, No. 5, MH-r>0-4, p. 2, January-April, 1928, 

2 Cobb, Harold V., Some Fundamental Principles of Materials Handling, 
Meek, Eng,^ vol. 51, No. 10, p. 748, October, 1929. 
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1. Where three or four men are working together on one job 
for 2 hr. at a time, even though the work is not performed more 
than three or four times a week. 

2. Whenever a man has to lift anything from his feet to a point 
above his head. 

3. Whenever a man has to lift more than 50 lb. from his feet 
to his shoulders. 

4. Whenever a man has to lift more than 100 lb. from his feet 
to his waist. 

5. Whenever a man has to lift more than 150 lb. from his feet 
to his knees. 

6. Whenever a man has to stand in one place steadily moving 
material for over 30 min. 

7. Whenever a man has to move material sidewise more than 
6 ft., that is, two steps. 

8. Whenever a man or a group of men, although moving around 
in a small radius, has to move more than 10 tons of material 
per hour.^ 

Classification of Materials-handling Equipment. 

Materials-handling equipment may be classified in various 
ways, but the one given in Table Va is very satisfactory. The 
main divisions are: 

1. Lifting and lowering devices (vertical motion). 

2. Transporting devices (mainly for horizontal motion). 

3. Devices which lift, lower, and transport (combined vertical 
and horizontal motion). 


Table Va. — Classification of Materials-handling Devices* 


Type . Main use 

1. lifting and lowering devices (vertical 
motion) : 


o. Block and tackle Local hoisting 

6. Winches 

Cargo handling 


Hand 1 
Power / 


* SruBBiKa, W. C., The Field of Material Handling, Mfg. Ini., vol 13, No. 3, p 169 
March, 1927. 


1 A Brief Directory of Material Handling Apparatus, by R. H. McLmn, 
<?en. Elec. Rev., vol. 24, No. 4, p. 306 
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Table Vn , — Clasrification of Matbrials-handling Devices, — 


Type 

c. Hoists (fixed) 

Chain ] 

Air I 

Electric J 

d. Skip hoists 

€. Hoisting engines . 
/. Elevators 

Hand 

Belted 

Hydraulic ► . . . 

Electric 

Special 

g. Cupola chargers. . 


{Continued) 

Main use 

Local service in foundries, 

machine shops, woodworking 

’ shops, etc. 

Coal and ash handling 

Construction service 


Multistory manufacturing 
plants, serving charging plat- 
forms in foundries, etc. 

Foundries 


2. Transporting devices (mainly for hori- 

zontal motion) : 

a. Wheelbarrows Yard work 

h. Hand trucks 

Stevedore type Shipping; freight service 

Box type 1 

Rack type > Special service in manufactur- 

Platform type j ^ ing plants 

c. Industrial railways and equipment 

(narrow gage) Heavy handling 

d. Tractors and trailers 

Mass movement of products 

e. Tructractors Rapid and severe service in 

manufacturing plants 
/. Railway equipment (standard gage) . Transportation service 

g. Car pullers Spotting freight cars 

h. Aerial tramways Long distance conveying 

i. Skids for rolling pipe, etc Storage and shipping 

j. Pipe lines Fluids 

k. Pumps Fluids 

3. Devices which both lift, or lower, and 

'^transport (combined vertical and hori- 
zontal motion:^ 

a. Chutes Gravity handling 

t Ineludee those devices, ueuaUy traveling horizontally, which pick up material; also 
those which usually provide for elevation during horizontal travel, such az ramps, trestles, 


Electric 

Gasoline 
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Table Vo. — Classification of Matebials-handling Devices. — 
(Continued) 

Type Main use 


b. Hoists with trollej s running on over- 

head rails 
Chain 
Air 

Electric 

c. Lowerators 

d. Lift trucks 

Hand 
Electric 

e. Small crane trucks 

Electric | 

Gasoline j 

/. Portable elevators or tiering machines 
g. Autotrucks 




General service in manufactur- 
ing plants 

In conveyor systems 

Rapid service on good floors or 
roadways in all types of 
manufacturing plants 

Lifting and transporting faiily 
heavy loads 

Stacking service in storerooms 

Heavy trucking inside or out- 
side plant 


h. Conveyors: 

Apron 

Bar 

Barrel 

Belt 

Bucket 

Pivoted bucket 

Chain 

Disc scraper or flight 
Drag scraper 
Package 

Portable: 

Belt 1 
Bucket / 

Roller 


Bulk or package materials 
according to specific nature 

Unit products 
Bulk material 
Unit or package products 

Bulk materials 
Unit parts or package 


Pneumatic : 
Suction ] 
Pressure ] 


Boiler type: 


Gravity 
Power driven 

Screw 

Slat 


Spiral: 
Chute 1 
Boiler J 


Loose and light materials 


Unit or package products 

Loose materials 
Unit products 

Unit or package products 
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Table Va. — Classification op Materials-handling Devices. — 
{Continmd) 

Type Main use 

Production-line conveyors: 

Assembly type (as in automobile 

industry) Machine assembly, radio as- 

sembly, etc. 

Sacking type (as in cement mills) . Cement packing, etc. 


L Tram-rail systems Handling units or assemblies in 

manufacturing plants 

y. Cranes: 

Jib: 

Hand 1 Local service on heavy shop 

Electric / ^ work 

Floor operated : 

Hand ) Limited travel on heavy shop 

Electric J work 


Cage operated : 

Monorail 

Bridge, overhead traveling 

Gantry 

Ore 

k. Locomotive cranes 

/. Car dumpers 

m. Ramps 

n. Trestles 


Long distance travel in shops 
and yards, loading vessels and 
cars, usually on heavy work 

Yard service in manufacturing 
plants, on construction, etc. 

Bulk shipments 

To give access to different 
levels 

For storage of materials 


Few manufacturing concerns would be likely to use all of 
the materials-handling devices named in the above table. E. J. 
Mills, superintendent of internal transportation of the Pittsfield 
Works of the General Electric Company lists in Table 
Yb the kind and amount of their present trucking equipment. 
This plant manufactures motors, transformers, and other elec- 
trical equipment. It employs over 6,000 workers. 

Their general scheme of handling is: 

1. To use electric tractors and trailers as the primary handling 
equipment wherever possible for both interplant and interdepart- 
mental handling. 

2. To use electric lift and baggage trucks, in connection with 
either skid platforms or tote boxes, as a secondary line of handling 
equipment where quantities are smaller, where upper floors must 
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Table V6. — Matbbials-handung Equipment at the Pittsfield Plant 


Item 

Type of equipment 

Number 
of units 

1 

Electric tractors 

18 

2 

Gasoline tractors 

4 

3 1 

Electric lift and high lift trucks 

25 

4 

Electric baggage trucks 

15 

5 

Trailers, 2 to 8 tons, with a few 20- tons capacity; 75 per 



cent are standard and 25 per cent are special 

598 

6 

Lift truck tote boxes (used mostly in storage) 

1,000 

7 

Lift truck platforms 

1 400 

8 

Hand-lift trucks 

21 

9 

Electric traveling craneij 

1 

10 

Electric locomotive 

1 

11 

Locomotive crane 

1 


be reached by means of freight elevators, and where equipment is 
closely concentrated and aisle spaces are limited. 


PER CENT 


RANK 

1 HAND TRUCKS 

2 HAND LIFT TRUCKS 

3 OVERHEAD CRANES 

4 MONORAILS 

5 MISC. CONVEYORS 

6 GRIVITV CONVEYORS 

7 BELT CONVEYORS 
- INDUSTRIAL 

” RAILWAYS 
9 HAND LAOOR 
ELECTRIC LOAD 
TRUCKS 

11 ELECTRIC LOW- 
” LTT TRUCKS 

12 ELECTRIC TRACTORS 

13 TRAMRAILS 

14 SAS TRACTORS 
It aCCTRIC HIGH- 

LTT TRUCKS 

* 

17 OAS TRUCKS 

18 GAS UFT TRUCKS 



Pio. 40. — Proportion of companies using each type of materials^handling 

equipment. 


3. To use hand-lift, trucks for local handling to individual 
machines from central delivery points in the various departments. 
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4. To use hand trucks of various types and sizes, stevedore 
trucks, and similar apparatus only at local points and for mis- 
cellaneous purposes. 

5. To use overhead traveling cranes, locomotive cranes, and 
electric locomotives and equipment of this character for loading, 
unloading, and transporting heavy objects and bulk materials 
within, without, or between the various buildings. 

The Society for Electrical Development, Inc., has sponsored 
a field survey in which the entire question of ownership of mate- 
rials-handling equipment is a part. Figure 40 shows the propor- 
tion of companies using different types of materials-handling 
equipment in their plants.^ 

A brief description will be given of some of the more common 
devices used for materials handling. 

Platform Trucks. 

The ordinary four-wheel platform truck is standard equipment 
in many factories. This is true because of its general utility and 
also because of the supposedly low initial cost and the relative 
low upkeep. In recent years the hand- and power-lift trucks 
have been developed, and they are fast replacing the ordinary 
platform truck. 

Lift Trucks. 

All lift trucks might be classified as (1) hand or (2) power 
trucks. The power-operated truck has the vertical movement 
of the platform as well as the horizontal motion of i;he truck 
itself actuated by either an electric motor or a gasoline engine 
mounted on the truck. This work is done by the truckman in 
the case of the hand-lift truck. 

Hand-lift Trucks. 

^ I'he basic feature of this truck is the separation of the plat- 
form from the chassis. That is, the platform is built in the form 
of a skid having four legs which carries the load from 8 to 12 in. 
above the floor. Figure 42 shows hand-Uft trucks and skid plat- 
forms in use in a storeroom. Since the skid carries the load, the 
truck (chassis) can be backed under the platform, the tmck 
handle lowered, the platform with its load raised several inches 

^Progress in Materials Handling, Trans. A.8,M,E,, vol. 61, No. 8, 
MH-61-lf p. 6 January-April, 1929, 
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above the floor, and it can then be moved away on the truck. 
When the load has reached its destination, the platform can be 
lowered on to the floor again and the truck can be drawn out and 
used for other work. The skid platform can be adapted to the 



Fia. 41. — Hand-lift truck, showing positive platform elevating connection and 

positive check. 



Fio. 42. — Hand-lift trucks and skid platforms in use in store room. (Courtesy 
of the Lewie-Skepard Company,) 


handling of practically any kind of load. It can be had in the 
standard platform type or with stakes, end gate, tote box, rack, 
tray, or any other type required. 

The chassis or trpck, as it is called, is of metal construofci<m 
with three or four wheels, as the case might be. The load capaci* 
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ity of the truck ranges from 500 to 10,000 and even 20,000 lb., 
and all trucks are capable of being operated by one man. 

Skid Platforms for Freight Shipment. 

There were loaded, in 1927, about 19,400,000 car loads of 
freight exclusive of bulk goods such as coal, grain, liquids in 
tank cars, etc.; and if average car loadings reached 30 tons per 
car, the loading and unloading charges for these cars regardless 
of the handling within the plant totaled some $870,000,000.^ 
It is possible for manufacturers and railroad companies to 
make radical reductions in this figure by the use of skid platforms 
for the shipment of many kinds of freight. The records of the 
Chajtnpion Coated Paper Company show that a 50-ft. box car is 
loaded with paper on skids in 45 min. using two men. The same 
loading fornierly took seven men 3 hr. 

manufacturer of springs for automobile seats has a plant 
located in Ohio; his springs are used by an automotive plant in 
Detroit. At the end of his production line will be found steel 
‘stock boxes’ *on legs into which the small springs drop upon 
completion of the last operation. These springs are not touched 
until they are removed from the skid box by the workman on the 
production line in the plant of the Detroit manufacturer. 
The box of springs weighing approximately 4,000 lb. is taken from 
the production line and loaded in a box car by means of an 
electric lift truck. The material, still on skids, is then hauled to 
Cleveland where it is transferred to the boats of the Detroit and 
Cleveland Navigation Company by power trucks. Upon arrival 
at Detroit the skid load is placed on a motor truck and hauled 
to the factory where it goes either to storage or direct to the 
production line. Six handlings by power and at a small 
percentage of the former cost have been made.”* 

The Orange Avenue terminal at Cleveland uses lift trucks, 
and the following statement gives some idea of their uses and the 
savings that result: 

Incoming goods are transferred from cats and throughout 
the warehouse by means of lift trucks. Most of the goods not 
already on platforms when received at the terminal are placed on 
1 Ckockbtt, C. B., Economic Aspects of the Shipment of Materials on Skid 
Platforms, Trans, A.S.M.E.j vol 61, No. 23, MH-51-9, p. 73, September- 
December, 1929. * 

* Cbocmtt, C. B., Saving a $100,000,000 l^ipping Loss, Mfg, Znd., 
vol. 16, No. 4, p. 266, Au^st^ 192§^ 
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them during the course of unloading. Accurate costs of mate- 
rials-handling methods between past and present showed a reduc- 
tion in many cases from $1.08 to $0.33 per ton. 

It is necessary to standardize the skid platform sizes if they 
are to be of the greatest benefit to all concerned. At the pre- 
liminary conference of manufactures held in Washington in 
1928 under the direction of the Division of Simplified Practice 
of the Bureau of Standards, the following recommendations were 
made;^ 

1. That the height of lifting platforms in the lowest position 
should be either 7 or 11 in. 

2. That the maximum width of lifting platforms should be 
27 in. 

3. That the minimum clearance between underside of skid 
platform and top of lifting platform of truck should be in. 

No definite action was taken to specify exact sizes for plat- 
forms, but the following tentative sizes seem desirable: 

a. 33 by 50 in. 

h. 50 by 66 in. 

These sizes allow the platforms to fit two or three wide in a 
Standard American Railway Association box car. 

Power-lift Trucks. 

The power-lift truck has practically all the advantages of the 
hand-lift truck except the initial cost, and, besides, it furnishes 
a rapid means of transporting the platform and its load from one 
place to another in the factory. One man with a power-lift 
truck can do the work of several men with the ordinary platform 
truck or even with hand-lift trucks. There are two kinds of 
power-lift trucks: (1) gasoline motor driven and (2) electric 
storage-battery driven. The gasoline-motor-driven lift truck is 
similar in general construction to the electric-lift truck. Mechan- 
ically it is more difficult to transmit the power from the gasoline 
engine to both the lifting mechanism and the running gears than 
it is to mount electric motors at the desired points of power 
application. On the gasoline truck the platform is raised and 
lowered by a hydraulic cylinder located under the truck, and the 
pump supplying it operates only while the load is being raised or 
lowered. . 

1 Skid Platforms— ‘Simplified Practice Recommendations, R95-28, n 7 
U. S. Bur. Standards. ' 
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The truck is driven on the front or small wheels and is steered 
with the large rear wheels. There are several outstanding advan- 
tages of the gasoline-driven truck. First, this truck is capable of 
24-hr. service. There need be no idle period in which to charge 
or boost batteries as in the case of the electric truck. The 
gasoline motor-driven truck can go farther from its base and 
is thus adapted to outdoor service. However, it has a greater 
number of working parts and perhaps is not so nearly ^ ^ foolproof 
as the electric truck. It gives off exhaust gases and because of 
fire insurance rulings cannot be used in warehouses. It is 



Fig. 43. — Specially designed skid platforms are used for handling and storing 
crankshafts in this factory. Motive power is supphed by electnc-hft trucks. 
{Courtesy of Factory and Industrial Management,) 

noisier than the electric truck and is more cumbersome, requiring 
slightly more turning room. For outdoor work, long hauls, and 
heavy loads the gasoline motor-driven truck might have an 
advantage over the electric truck. 

Tl^e electric-lift truck is driven by a series wound direct- 
current motor connected to a set of batteries mounted on the 
truck, usually operating at about 35 volts. Often two motors 
are used, one for driving the truck and the other for raising and 
lowering the platform. This gives greater flexibility, fewer parts, 
and perhaps makes the truck easier to operate and nearer “fool- 
proof. ” The steering mechanism is connected to both the front 
and the rear wheels, which permits short turning radius, Both 
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the standard electric and gasoline trucks are built for speeds of 
from 4 to 8 miles per hour on the level. The most common type 
of electric-lift truck is rated at 4,000 lb. capacity; however, they 
may be had in 6,000- to 10,000-lb. sizes. The trucks are capable 
of taking a 10 to 12 per cent grade under load. The standard 
height of the truck platform is 11 in. when in the lowest position, 
thus lifting the skid platform about 5 in. clear of the floor. 


Analysis of Operating Costs of Trucks. 

In order to show the effect that (1; the length of haul and (2) 
the amount of time a piece of equipment is in service has on the 
cost of operation, curves in Figs. 44, 45, and 46 are included. 
These curves are based on an assumed case where a gasoline or 
electric trucl. replaces four men at $3.50 per day and assumes 
that the men can be employed productively when not handling 
material. 
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Fig 44 — Operating costs vs, hours in service. 


The curves in Figs. 45 and 46 show cost vs» length of haul. 
The first condition to be considered is the length of haul. Letting 
Y = operating cost and X = length of haul, and assuming that 
the cost is influenced by this one condition only, the following 
formula is suggested by Crockett and Payne 

r . X + 1 + cf • 

The three terms included in the cost formula are: 

1. The fixed cost represented by A. 

2. The cost of the equipment when idling, being a constant B 
which represents the hourly cost of the truck when stopping for 

iCbockbtt, C. B., and H. J. Patnb, Operating Costa of Hectrie Indus- 
trial Trucks and Tractors, Trans. A.S.M.E., vol. fiO, No. 5, MH-CO-S, p. 5, 
January-April, 1928, 
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short periods, times the time idle which is inversely proportional 
to the length of haul. The second term may then be represented 
as B/X. For hand or electric trucks B = 0. 

3. The third term is the cost of the machine when moving. 
This term is a constant C representing the cost per hour when 
running, corrected so that the variables remaining are only length 



of haul X and the speed of the truck r. The influence of speed 
is not seen in the cost until the hauls are of considerable cost. 

The analysis of the different costs is shown in the curves (see 
Figs. 44, 45, 46). 


The High-lift Electric Truck. 

The high-lift electric truck, or tiering machine, is a modification 
of the power-lift truck and it may be used to lift the skid plat- 
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Pig. 46. — Elements of cost vj. length of haul. 


form from the floor, transport it to a given place, and then raise 
it to such a height as is necessary for stacking or tiering, as in a 
storeroom or freight car. Figure 47 shows such a truck in opera- 
tion. The time required for raising and lowering the load is 
short and this type of lift truck will handle a 4,000- to 6,000-lb. 
load with safety- There are many modifications of the standard 
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Fig. 47, — High-lift electric truck. Capacity, 4,000 lb. Lifting range, 6 ft,. 
{Courtesy of The Yale and Towne Manufacturing Company.) 



ftG. 48. — Tin-plate truck, two-wheel drive; four-wheel eteer, oapaoity, 8,000 lb* 
of The S^ker^J^uliny Company.) 
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lift truck or tiering machine, and by special designed attachments 
these trucks may be used for handling heavy objects of almost 
any size or shape, as rolls of paper or bundles of sheet iron. Fig- 
ure 48 shows such a truck, made to pick up, move, and stack sheet 
tin plate, loose or in bundles. 

The Power-platform Truck. 

The power-platform truck is commonly used for interior 
plant movement of materials. This truck handles miscellaneous 
units of material which cau be placed on the platform by hand, 
chain blocks, hoist, or crane service. By using auxiliary equip- 
ment the truck may be converted into a gravity dump for hand- 



Fig. 49. — Electnc-platform truck designed to handle molten glass {Courtesy 
of The Baker-Rauling Company ) 


ling loose materials or a swing boom crane, and even such devices 
as special ladles for handling glass have been successfully designed, 
as shown in Fig. 49. The platform electric truck usually carries 
the batteries under the platform and consequently has a greater 
available platform area. The wheels are large, and spring sus- 
pension permits effective operation over rough floors, which is 
not possible with the lift truck. 

Tractors. % 

The tractor is prinaarily intendeji for hauling trains of trailers 
which may be standard or of special design. Tractors may be 
driven by an electric motor or gasoline’motor, but a majority are 
electrically driven. Tractor-trailer systems are used to best 
advantage where the length of haul and the material handled is 
largely of one daaafication and where the loading, unloading, and 
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the transportation of the product can be so controlled as to pro- 
duce a continuous chain of activity. 



Conveyors. 

Power and gravity conveyors play a very important part in 
materials-handling today and many of the large factories are 
designed and laid out with this definitely in mind. E. L. Spray, 



Fig. 51. — Roller conveyors greatly facilitate packing operations. Straight- 
line packing methods are used by The Maytag Company, (fiourteay of The 
Maytag Company^) 


works engineer of the Westinghouse Electric and Manufacturing 
Company, gives the following explanation of their very effident 
production and handling methods at the Mansfield plant. Here 
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they make extended use of the conveyor for the manufs 
safety switches. 

^'Straight-line production was made possible by thej 
ment of equipment and storerooms on the two floors so t 
part proceeded in the most direct manner from operation to 
operation and through assembling. Elimination of most of the 
trucking was accomplished by the use of conveyor systems 
between the different processes. 

"Material is received on railroad cars which are run directly 
into the building. Sheet steel is unloaded by hand, piled on 
lift-truck platforms, and taken to the various shearing machines, 
as needed. When the plates have been sheared to the correct 
sizes for the various types of safety switches, they are stacked on 
four-wheel platform skids and delivered to the pressroom for the 
forming operations. 

"The press department, which is located on the first floor, 
supplies parts for a large number of products, such as electric 
ranges, electric irons, safety switches, etc. . . . 

"A safety switch box consists of a 'channeP forming the body 
of the box, two ends, and a cover. Larger types have a small 
cover attached to the main cover so that fuses can be replaced 
without exposing the switch mechanism and endangering the 
workman who is renewing them. . . . 

" . • . Operations on switch-box channels consist of shearing, 
blanking, punching and trimming, notching and forming. On 
covers the work consists of shearing, forming the dome, cutting 
and punching, forming edges, stenciling and piercing for name 
plate. As far as possible, if the jobs ahead of the various pieces 
of equipment permit, these operations are done on adjacent 
machines to coordinate the work. 

"Finished parts are individually inspected in the press depart- 
ment. They are then counted and stacked in tote pans to be 
sent to the storerooms or assembling departments. . . . These 
sma]j[ parts are delivered to the inspector in tote pans. They 
are counted by weighing and then are ready for the. storeroom. 

"A booster conveyor carries the tote pans of safety-switch 
parts from the pressroom up to the storerooms on the second floor 
in an adjacent part of the building. This conveyor enters at 
1 in Pig. 52. It is at ceiling height. Boxes of parts for certain 
types of switches are turned aside by a deflector at 2, are lowered 
to bench height by spiral 3, and pass down gravity roUer con- 
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veyor 4, from which they are removed and placed on the storage 
shelving at 5. 

“Other switch-box parts are allowed to proceed along the main 
conveyor until they reach deflector 6, which shunts them to 
spiral 7 and down to gravity roller conveyor 8. From this they 
are removed and placed in storage at 9. 



1. Conveyor from press room. 

2. Deflector for parts going to 5. 

3. Spiral conveyor, 

4. Conveyor leading to 5. 

5. Storage shelving for switch-box parts. 

6. Deflector for parts going to 9. 

7. Spiral conveyor. 

8. Conveyor leading to 9. 

9. Storage shelving for switch-box parts. 

10. Conveyor and spiral leading to 11. 


11. Storage shelving for small parts of 

switches. 

12. Assembly department for subassem- 

blies 

13. Switch-box assembly. 

14. Burn-off oven to remove oil from switch 

boxes. 

15. Dipping tank for painting boxes. 

16. Drying oven to bake paint. 

17. Chutes leading to seven conveyors on 

first floor. 

18. “Cushion” storage of painted boxes. 


“Safety-switch mechanism parts are sent along the main 
conveyor to spiral 10, down which they descend for storage at 11, 
Tote pans with tapered sides are used for the transportation of 
parts. In the storeroom two sizes of straight-sided boxes are 
employed. 

“Safety-switch mechanism parts are kept in storeroom U 
until needed for assembling. They are then requisitioned out and 
to go the benches at 12, where subassemblies are made. The 


MATERIALS HANDLING 


87 


subassemblies are sent back to storeroom 11 and retained until 
required by the main assembling departments. 

Rough cast parts for safety switches come in from the foundry 
at Cleveland. They arrive in cars on the first floor and are 
sent to the machine department on the second floor, where the 
finishing operations are performed. The castings are then 
trucked to the storeroom, later to be delivered to the assembhng 
departments. The volume of such parts is not large and con- 
sequently conveyor equipment is not needed. 

^^Most of the assembling work on safety-switch* boxes is done 
on the second floor on the benches at 13. . . . 

Assembled boxes are delivered to the burn-off oven 14 at 
the end of the department. The boxes are passed through this 
oven to remove from the metal oil and grease collected in manu- 
facturing operations. A conveyor carries the boxes through the 
oven. When they come out they are cooled and then are ready 
for painting. 

“ The switch boxes are painted by dipping them in a japanning 
solution at 15. This solution is heated by steam coils under 
thermostatic control and is maintained at a definite temperature. 
It is periodically cleaned by passing through a filter. The boxes 
coming from the burn-off oven are hung on a chain conveyor 
which lowers them beneath the surface of the japanning solution. 
They are then carried over a drip pan and into an electric baking 
oven 16. This oven was made at the plant and is of A-shape. 
Temperatures from six points in the oven are registered by means 
of thermocouple action on the chart of a recording pyrometer. 
Air is circulated through the ovra by means of a motor-driven 
fan, after first passing through an air cleaner. . . . 

^^As the boxes leave the oven they are inspected while still 
on the conveyor and are retouched where necessary by means of a 
paint spray. Then they are taken from the conveyor and placed, 
according to size and style, in one of seven chutes 17 discharging 
to conYeyors on the floor below. If any of the chutes are full, 
the boxes are stacked on trucks and moved into an adjacent 
temporary storeroom 18 as a cushion supply to take care of either 
congestion or slack in the production processes. 

‘^On the first floor of the plant are seven assembly lines for 
safety switches. These assembly lines are supplied with the 
jwitch boxes by means of gravity roller conveyors leading from 
ihe chutes on the second floor (17 in Pig. 62 and 19 in Fig. 53). 
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The conveyors come into the department at ceiling height and 
discharge on the assembly conveyors at bench height. 


Switch mechanisms are assembled on insulated bases, or 
panels, of porcelain, composition, or slate. This work is done 



Fig. 53. — ^Layout of conveyors and equipment on first floor, where panel and 
switch box assembling are completed. 


19. Conveyors from 17, second floor. 

20. Conveyors supplying switch boxes to 

22 and 25. 

21. Conveyor carrying assembled porcelain 

switch panels to 22. 

22. Assembly of panels in switch boxes. 

23. Inspection and packing. 

24. Conveyor carrying assembled snap 

switch panels to 25. 

25. Assembly of snap switch panels in boxes. 

26. Inspection and packing. 

27. Conveyors carrying switch boxes to 29. 

and 32. 

28. Conveyor carrying small assembled 

slate switch panels to 29. 

29. Assembly of panels in switch boxes. 

30. Inspection and packing. 

31. Conveyor carrying small assembled 

slate switch panels to 32. 

32. Assembly of panels in switch boxes. 

33. Inspection and packing. 

34. Spiral for small parts from storeroom 

11 (Fig. 52). 

36. Conveyor carrying switch boxes to 37. 


36. Conveyor carrying assembled slate 

switch panels to 37. 

37. Assembly of panels in switch boxes. 

38. Inspection and packing. 

39. Conveyors carrying switch boxes to 

41 and 44. 

40. Conveyor carrying assembled slate 

switch panels to 41. 

41. Assembly of panels in switch boxes. 

42. Inspection and packing. 

43. Conveyor carrying assembled elate 

switch panels to 44. 

44. Assembly of panels in switch boxes. 

45. Inspection and packing;. 

46. Assembly of large-size and special 

switch boxes. 

47. Assembly of largesse panels in switch 

boxes. 

48. Doorway through which slate is 

unloaded from cars. 

49. Slate panel storage. 

50. Machine room for slate panels. 

51. Paint spray booths for slate panels. 

52. Baking ovens for slate panels. 


on the benches at the upper end of the department (top of Fig. 
63). Subassemblies for the switches come down from the store- 
room 11 {Fig. 52) by means of a conveyor and spiral 34 delivering 
them to the final assembling department. When the mechanisms 
have been assembled at the various benches they are put on 
roller conveyors 21, 24, 28, 81, 40, and 43, which carry them down 
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the department to the respective assembly conveyors 22, 25, 29, 
82, 87, 41, and 44. Here the mechanisms are attached in the 
respective types of switch boxes fed to the various points of 
assembly by conveyors 20, 27, 85, and 39. 

^'When this final assembly work has been performed, the 
completed safety switches are moved down the conveyors to the 
respective stations for inspection (23, 26, 30, 33, 38, 42, and 45). 
After they are examined and tested for correct action they are 
packed in cartons and carried to the storage warehouse in an 
adjacent building by a conveyor, not shown in the photographs. 


Railroad Sidings and Trackage Layouts. 

The railroad sidings are a part of the general layout of a plant 
and belong to the company on whose land they are built, although 



Overhead Clep ret nee ts provided 
io 50/ f equipment^ usually 17' 0" 
above the top of rad 
Ihqh Platforms should be 3-6'^ 
above the fop of rad where 
refrigerator cars are used, 
otherwise the clearance is 
3-3" above top of rails 


Fig. 54. — Clearance diagram for box car, Illinois Central Kailroad Standard. 


they may have been constructed and arranged according to the 
specifications of the railroad company to which they are con- 
nected. Each company has its own regulations with regard to 
sidings, but some general data can be given. It is desirable to 
provide for car storage as well as for loading and unloading of the 
car itself. For allowing space for this, 50 ft. per car will be 
required. 

Unless the plant has its own shifting engines it must provide 
sufficient siding and loading and unloading space so that cars 
can l;^e shifted by the engines of the railroad company. As a 
rule, they do not give such service oftener than once a day. 
Since the sidings will be a permanent part of the plant layout, 
they should be built so that they will need little or no attention, 
and some thought should be given to possible additions or rear- 
rangements in the case of expansion of the plant itself. 

1 Sphay, E. L., Better Methods Cut Handling Costs 60 per cent, Mtg* 
Ind.i vol. 13, No. 2, p. 101, February, 1927. 
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It is often desirable to have scales built under a section of 
the track, and when this is done care should be used to see that 
the scales are of sufficient capacity to weigh cars of maximum 
loadings. The scales should be located at the most convenient 
place, this often being near the entrance of the siding into the 
company yards. 

Data on Railroad Yards and Trackage Layouts* 

1. Standard gage of railway track is the distance between the 
inner sides of the rail heads and is 4 ft. ,83^ in. The gage on 
sharp curves is widened ^ to 1 in. 

2. The average length of a box car is 42 ft. 

3. The maximum weight of a loaded freight car is 210,000 lb. 

4. Dimensions of ordinary cross-tie are 8 ft. long, 8 in. wide, 
and 6 in. deep. 

5. The distance between centers of main-line tracks is 13 ft. 

6. The grade of tracks should be as low as possible and never 
exceed 5 per cent. When over 2 per cent, vertical curve should 
be used. 

7. Tracks inside buildings should have the top of rail even 
with the floor. 

8. Ties are spaced 20 to 24 in. on centers. 

9. Crossings are built of plank or other material brought to 
within 3^ in. of the top of the rail. 

10. Track doors for industrial buildings should be 12 to 14 ft. 
wide and at least 15 ft. high. 

Formulas for Computing Economies of Labor-saving Equipment. 

Most materials-handling problems are of such nature as to 
require individual consideration. After a survey and analysis of 
the particular problem, the probable ‘^best^^ methods will likely 
be narrowed down to two or three. It then becomes necessary 
to make detailed estimates of total investment costs as well as 
operating costs of each of the methods and in this manner deter- 
mine the kind of equipment that should be installed to give the 
most economical results. 

The materials-handling division of the American Society 
of Mechanical Engineers has developed the following formula^ 
which will aid in solving problems suggested above: 

^Formulas for Computing Economies of Labor-saving £qiii|mient 
Tram. A.SM.E., vol. 47, p, 626. 1926. 
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Debit items 


Credit items 


Other items 


Results 


Let 

A = percentage allowance on investment. 

B = percentage allowance to provide for insurance, 
taxes, etc. 

^ C = percentage allowance to provide for upkeep. 

D * percentage allowance to provide for depreciation 
and obsolescence. 

E = yearly cost of power, supplies, and other items 
which are consumed, total in dollars. 

S =« yearly saving in direct cost of labor, in dollars. 

Ta — yearly saving in labor burden, in dollars. 

Tb = yearly fixed charges on mechanical equipment 
employed as a standard of comparison or which 
will be displaced, in dollars. 

U = yearly saving or earning through increased pro- 
duction, in dollars. 

X — percentage of year during which equipment will be 
employed. 

< I ~ initial cost of mechanical equipment, in dollars. 

K — unamortized value of equipment displaced, less 

its resale or scrap value, in dollars. 

Z - maximum investment in dollars justified by the 
above consideration. 

Y = yearly cost to maintain mechanical equipment 
ready for operation, in dollars. 

< V = yearly profit from operation of mechanical equip- 

ment, in dollars. 

P — percentage of annual profit on investment, includ- 
ing interest charges. 

H = number of years required to pay for installation. 


( 1 ) 


ns + T. + u - E)x + 

[ “A + B + c + n J ’ 


( 2 ) Y ^ I{A + B + C + D), 

(3) F = [(S + r, + - E)X + rj - [F + {KA)], 

in which 

(4) P = ^ + A, 

ftL\ TT _ 


Believing that handling machinery, even if left idle a large part 
of the year, would probably require, under most conditions, 
approximately the same repair through deterioration as though 
in use, the committee makes no deduction for such lack of use in 



Table Vc.— Condensed Statement of Factors in Matebials-handling Formulas 
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the estimated cost of upkeep C. If greater accuracy be con- 
sidered necessary, use C multiplied by X in place of C in the 
formulas.* 

Table Vc shows how the above formula has been applied to 
some actual handling problems at the Belden Manufacturing 
Company.* The total cost of these systems installed was$19,611. 
The labor saving was $19,800, or 1.6 per cent of the pay roll. 



Fig. 55 — Layout of conveyor systems for label department and stock room to 
shipping department. 


Power to operate the systems costs $400 a year; fixed charges on 
installed costs amount to $6,950 annually. The yearly profit on 
the investment resulting from the operation of this equipment 
is $12,847, or 71.51 per cent. The equipment completely pays 
for itself out of profits in 1 year, 23 ^ months as a total investment, 
although individual installations require as much as 534 years for 
complete amortization out of their individual earnings. 

^ See Alford, L. P., ed., ^^Management’s Handbogk,” p. 752, for detailed 
solution of sample problems. 

* Coes, H. V., Industry’s Annual Tax for Materials Handling and 
Suggestions for Its Elimination, Mech. Fng,, vol. 48, No. llo, p. 1256, 
November, 1926. 





CHAPTER V 


INDUSTRIAL LIGHTING 
DAYLIGHTING 

Factory lighting should be studied from two angles: First, 
che building must be designed for sufficient natural light, and 
then provision should be made for adequate artificial illumination. 
The artificial lighting should be so arranged that it will blend 
with and supplement the natural lighting, for there is a consider- 
able period of the year when both natural and artificial light will 
be needed in any given floor area. Considerable attention has 
been devoted to the design of artificial illumination, but until 
recently relatively little study has been directed toward the 
solution of natural lighting problems. There are a number of 
reasons which no doubt account for this. The structural design 
of the building and the arrangement of the equipment inside the 
plant are often given first consideration, and in many cases proper 
natural lighting has not been provided. 

Difficulties Involved in Natural Lighting. 

However, when serious thought is given to the question of 
natural lighting one of the first obstacles encountered is the wide 
variation in the intensity of natural illumination produced by the 
sun (on a horizontal plane) throughout the day. The intensity 
may reach a maximum of 10,000 to 12,000 ft.-candles at noon 
with a clear sky. 

Figure 56 shows the results of a large number of daylight 
illumination measurements made by the U. S. Weather Bureau. 
The curves^ show the order of natural illumination available 
throughout the year in the latitude of Boston and Chicago for 
cloudy and clear skies, the illumination being expressed in terms 
of foot-candles on an out-of-door unobstructed horizontal surface. 

Figure 57 shows the influence of clouds upon illumination and 
sky brightness. This is a continuous record of daylight taken 

^Monthly Weather Rev., vol 47, pp. 769-793, November, 1919; also 
voL 49, pp. 481-488, September, 1921. 
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at Washington, D. C., on a particularly cloudy day in mid- 
summer. Because of the wide fluctuations in sky brightnese 
from hour to hour during the day and from month to month 



TS 

:3 


Sohd / ipps reprei»eni total 
daylight illumination^ / e sun 
and sky Doffed lines represent 
illumination from fhe sky only 



Note These Measurements are 
based on a sky so densly clouded 
that the position of the sun 
could not be seen The average 
sky with thin clouds or haze or 
scattered white clouds produces 
about two times this illumination 


f 



Fig. r)() — Showing? diurnal variation in daylight for clear and cloudy skies 
throughout the year 



Fig. 57 — Part of the daylight record for July 2, 1924, made in the office of 
industrial hygiene and sanitation of the U. 8. Public Health Service at Washing- 
ton, D. Cm showing the rapid variation in illumination that may occur on a day 
in summir in Washington. 


during the year, it is apparent at once that the intensity of 
illumination sufiplied by the sun is not constant but a widely 
var3dng quantity. Other equally variable quantities that affect 
proper daylighting are the transmission of light through the 
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different kinds of glass when clean and dirty and the reflection 
factors of neighboring buildings and other exterior surroundings. 
Despite these and other variable factors, the problem of providing 
adequate natural light for a building can be solved. 

The Relation of Building Design to Natural Lighting. 

The relation of building design to natural lighting will be 
treated in three parts: The first part will include data and rules 
that are now generally used in designing and proportioning walls, 
windows, skylights, and other elements of a building. The 
second will explain briefly the use of scale models in predicting 
daylight intensities for any point within a proposed building; 
and the third will show the mathematical treatment of the same 
problem. 

Data for Building Design and Daylighting. Single-story Build- 
ings. 

Extensive investigations on daylighting have been carried on 
by the Detroit Steel Products Co. under the supervision of their 
chief engineer, W. C. Randall, and the results of this work have 
been published in the Transactions of the Illuminating Engineering 
Society. The following material has been taken from their 
findings: 

1. With side-wall windows on one side only, the working space 
is limited to a distance back from the window of approximately 
three times the height of the window if the windows are kept 
relatively clean. When the windows are washed not oftener 
than once every 6 months, this distance will be reduced to two 
times the height. 

2. The upper part of the window is the part that throws the 
light back into the building, the point of minimum intensity of 
illumination. The increase in the minimum intensity is greater 
than the increase in height of the window. 

3. When a building is lighted from the side wall only, the area 
of the windows should be not less than 30 per cent of the floor 
area. 

4. The maximum light intensity in a building increases in a 
lesser proportion than the increase in the window area. The 
nflnimum intensity will, in general, increase by a much greater 
percentage than the increase in the window area, For good 
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lighting the ratio of high to low values should not be greater than 
three to one, a ratio that is usually not bettered in artificial 
lighting. 

5. On the average, vertical windows lose 50 per cent of their 
efficiency through a 6 months' accumulation of dirt, so that 
washing these windows will double their light-emitting qualities. 
Windows sloping 30 deg. lose 75 per cent of their efficiency 
through a 6 months’ collection of dirt. The accumulation of 



Fia. 58.- -Distribution of daylightinR from windows 7 ft. high, in two opposite 

side walls. 
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Fiq. 69. — Distribution of daylighting from windows 12 ft. high, in two opposite 

side walls. 


dirt on a window over a given length of time is about 75 per cent 
on the inside and 25 per cent on the outside.^ 

Single-story Buildings with Monitors. 

1. Where there is a monitor, the total glass area in it and the 
side- wall windows should be about 30 per cent of the floor area; 
this percentage could be reduced to 25 per cent if the window- 
washing intervals were not longer than 4 months. 

2, The best results can be obtained with the width of the 
monitor equal to one-half the width of the building, or floor space to 

1 EANUALt, W. C., and a. J. Martin, Making Your Windows Deliver 
Daylight, ftana, vol. 22, No. 3, p. 239, March, 1927. 
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be lighted by the monitor, in the case of building with more than 
one monitor. Narrow monitors should be avoided if possible 
(see Fig. 60/. 

3. As the windows of a monitor slope from the vertical, more 
daylight enters the building. However, there is not much 
difference in the results from vertical and sloping windows in 
the monitor when dirt accumulation is considered.^ 



Sp^hJ 

4010*' 
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Mw.F.C 

6S 
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25 


Fio. 60. — Effect of span of monitor on distribution of daylighting, sloping win- 
dows being used. 


Single-story Buildings with Saw-tooth Roof. 

A large percentage of single-story buildings are lighted by 
means of *‘saw teeth” in the roof. It is desirable to orient the 
saw-tooth windows so that the direct rays of the sun are excluded, 
that is, with these windows facing north. There is no limit to 
the size of a single-story building that can be lighted by the use 
of saw-tooth construction. Mr. Randall gives the following 
rules* for the design of saw-tooth roofs: 

1. For practically all of the United States, the windows should 
be placed on the vertical, if the sunlight is to be excluded during 
the average working day. 

2. For the lower latitudes of the United States, where the 
exclusion of sunlight might be more of a factor at least, the 
windows should be placed on the vertical, and probably some 
additional provision made to exclude the sunlight. 

3. Increase in the span decreases the minimum foot-candles 
almost in proportion as the span increases, has little effect on the 

* Rakball, W. C., Designing for Daylight, Trans. LE.S., vol. 22, No. 6, 
p. 607, July, 1927. 

^ RakdalIi, W. C., Saw-tooth Design — Its Effect on Natural llluminatioii| 
Trans. I.E.S.» vol. 21, No. 3, p. 241 March, 1926. 
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maximum foot-candles, and, of necessity, the ratio of maximum 
to minimum increases as the span increases. 

4. With clean glass, sloping the windows increases both the 
maximum and minimum foot-candles, but after correction for 
dirt accumulation for average periods between cleaning, this 
advantage disappears, and, if anything, the advantage is in 
favor of vertical windows (see Fig. 61). 

5. Increase in the height of windows will, in general, increase 
the maximum foot-candle intensity on the working plane in 
proportion to the increase of height. There is a slightly greater 
proportionate increase in the minimum foot-candles. 



Fia. 61. — Characteristic distributions of daylight in saw-tooth building* 
with windows vertical and 30 dog. from vertical, showing effect of dirt accumula- 
tions on glass. 

6. Painting the underside of the roof and thereby obtaining a 
high reflection coefficient produces relatively small results in so 
far as natural illumination is concerned. 

7. It is desirable to use either clear sheet glass or rough wire 
glass, rather than ribbed glass, due to the higher transmission 
factors and the greater ease of keeping clean. 

8. As the height of the sill of the window is increased, the 
maximum intensity on the working plane is decreased, and 
within reasonable limits the minimum is increased and the 
uniformity improved. 

Multistory Buildings. 

The following information is of value in providing natural 
lighting for multistory buildings: 
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1. The distance between buildings should at least be equal to 
the height of the building. Wherever possible, buildings should 
be constructed as separate units and not connected, as the 
connections reduce the amount of light on either side of the 
connection. 

2. The width of windows should be at least 80 per cent of the 
center-to-center distance of supporting columns. It is desirable 
to make this distance just as great as possible. 

3. Windows should extend as close to the ceiling as the design 
will permit. Where reinforced concrete construction is used, 
flat slab is more desirable than beam-and-girder construction 
as far as lighting is concerned. 

4. Artificial lighting should parallel daylighting; that is, the 
lamp circuits should be arranged parallel with the windows so 
that the lamps on the line of minimum illumination can be turned 
on first and the others in order as daylight wanes. ^ 

5. Where buildings are grouped, the exteriors should have 
light-colored surfaces in order to reflect the maximum amount of 
daylight into the adjoining buildings. The interior of the build- 
ings should be finished in a light color, particularly the lower 
stories. However, it is of greater importance that the outside 
of the building have a high reflection factor than it is for the 
inside of the building. If it were recognized that the daylight 
illumination in the interior of a room located at the bottom of a 
closed court with light walls could be as much as twenty times as 
great as if the walls were dark colored, it is quite possible that 
there would be a much greater use of light-colored materials in 
courts. Similarly, if it were known that white glazed brick, due 
to its high light-reflecting value, would give as much as four or 
five times the dayUghting that dark-colored brick would, in the 
case of buildings facing each other on the street it is quite possible 
that less dark-colored brick would be used in the exterior walls.^ 
The result of some tests made along this line are shown in Pigs. 
63 and 64. Figure 62 shows the location of the stations and the 
meaning of the relation C/H referred to in the figures mentioned 
above. 

1 Vogel, Andkew, and others, Daylighting in Multistory Industrial 
Buildings, Tram, LE^S.^ vol. 23, No. 2, p. 129, February, 1928. 

* Randall, W. C., and A. J. Martin, The Utilization of Exterior Reflect- 
ing Surfaces in Daylighting, Trans. l.EJS.f vol. 24, No. 3, p, 301, March, 
1929. 
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Fig. 62 , — Location of stations discussed. 


Fig. 



03. — The reflection coefficient of the exterior walls has a greater effect at a 


station near the center of the building with open court. 



Pra. 64» — The effect of the reflection coefficient of exterior walls on a station at 


the longitudinal center of the building. 
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Table VI. — Reflection Coefficients of Various Materials Used 
FOK Facing Buildings 


Color and material 

Surface 

Per 

cent 

Color and material 

Surface 

Per 

cent 

White terra-cotta 

SemiglosB 

81.2 

Light blue-gray terra-cotta 

Semigloss 

41.6 

White terra-cotta 

Semigloss 

80.8 

Dark tan terra-cotta 

Semigloss 

28.2 

Cream-white terra-cotta ... 

Seniigloss 

76.9 

Light green terra-cotta . . . 

Semigloss 

24.8 

Cream terra-cotta 

Semigloss 

1 74.2 

Light chocolate terra-cotta 

Rough 

21.1 

Cream terra-cotta 

Semigloss 

73.5 

Chcistnut brown terra-cotta 

Semigloss 

15.1 

Cream terra-cotta 

Matte 

72.3 

Brown terra-cotta 

Matte 

12.3 

Ivory terra-cotta 

Semigloss' 

' 67.8 

Dark clay slate 

Matte 

6.7 

Ivory terra-cotta 

Semigloss 

67 . 6 j 

White brick 

Glazed 

87.3 

Pale red-gray 

Semigloss 

1 62.4 

Ivory brick 

Glazed 

68.5 

Ivory tan 

Semigloss 

52.3 

Buff 

Matte 

51.1 

Ivory tan 

Semigloss 

49.2 

Dark buff brick 

Matte 

44.2 

Light gray 1 

Matte 

46 0 

Light granite terra-cotta 

Glazed 

42.4 

Reddish buff 

Semigloss 

1 

46.8 

Dark red brick 

Glazed 

23.4 







Data shown above obtained on Keuffel and Esser color analyzer at wavelength X » 0 , 60 > Lr . 


The Use of Scale Models. 

Scale models are used to a limited extent as an aid in predicting 
natural lighting within buildings. Wood or beaver-board models 
of the proposed building are constructed and an artificial sky is 



Fig, 65, — A laboratory model court, sky, and room. {Courtesy of the Engineer* 
ing Experiment Station, Ohio State University.) 


made by using a large number of electric-light bulbs which are 
placed behind diffusers. Figure 65 shows a model court of a 
multistory building in the Engineering Experimental Station 
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Laboratory at Ohio State University.^ The sky and the room 
are also shown. While the normal court of a building is vertical 
and under a horizontal sky, laboratory conditions require the 
use of a horizontal court and a vertical sky. This should not 
affect the results. The scale of the model shown is 1:20. 

A series of tests were made at the University of Michigan 
using scale models of both single- and multistory buildings. The 
results of these tests were checked against actual readings made 
in the field on full-size buildings. There was found to be only 
a very slight percentage of variation between the two. 



Fig. 00. — The rurves sliow the relative increase of minimum daylighting on line 
AB due to changing the width C of the court. 


Figure 66 shows the effect on daylighting with changes in the 
width of a court in a U-shaped multistory building. Consider- 
able experimental data^ have been accumulated, and various 
sets of curves such as these are now available to aid the engineer 
and architect in his daylighting problems. 

The Use of the Mathematical Method. 

Professor H. H. Higbie at the University of Michigan has 
developed a formula which makes it possible to calculate the 
intensity of illumination for any point within a building. The 
prodfess becomes rather involved in many cases, but the results 
check closely with model readings and with field tests on full- 

^ Tang, K, Y., A Method of Predicting Illumination from Light CJourts, 
BidL 47, Eng. Expt. Sta., Ohio State University. 

* VoGBn, Andrew, and others, Daylighting in Multistory Industrial 
Buildings, Trans, I,E,S.. vol. 23, No. 2, p. 136, February, 1928. 
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sized buildings.^ Because of lack of space this method will not 
be explained here. 

Tables for Predicting Daylighting for Buildings. ^ 

Table VII shows the foot-candles delivered by any one 
of 13 Fenestra side-wall window heights (5 ft. 2 in., 6 ft. 10^^ in., 
8 ft. in., etc., across the top of the table) to various positions 
measured from the side walls back toward the center of the 
building (5, 10, 15 ft., etc., down the left side of the table). The 
values given are for a cloudy, overcast sky® and windows 6 months 
dirty. 



375 209 124 78 50 34 25 19 15 A 
15 1 9 2 5 3 4 5 0 7 8 12 4 20 9 37 5 fl 


390 228)49 112 100 112 I49 228 390A+B 

Fig. 67. — Single-story building, windows in side walls only. {Courtesy of the 
Detroit Steel Products Company.) 


Table VIII gives the foot-candles delivered by four of the 
same windows, set with their sills 15 ft. above the working plane; 
also 25 ft. above, 35 ft. above, and 45 ft. above. 

^‘From these tables it is possible to figure fairly definitely (for 
an overcast sky condition) how much daylight can be obtained 
at any point from any given arrangement of side-wall windows or 
vertical monitor windows or from combinations of the two. 

^For a complete development of the formulas and its application see 
H. H. Higbie, Prediction of Daylight from Vertical Windows, Trans. LE.S.f 
vol. 20, No. 5, p. 433; Trans. A.S.M.E.^ vol. 51, No. 9, p. 12; Bull. 
47, p. 18, Eng. Expt. Sta., Ohio State University. 

* Industrial Daylighting by the Fenestra Method, p. 14, Detroit Steel 
Products Company. 

• An overcast sky gives an average window brightness of approximately 
250 cp. per square foot. 
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Table VII. — Foot-candles for Vertical Windows at Working Plane 


Feet 

back 

from 

window 

3 

High 
5' 2" 

4 

High 
6' 10" 

5 

High 
8' 6" 

6 

High 
10' 3" 

7 

High 

11' 

11" 

8 

High 
13' 7" 

9 

High 
15' 4" 

10 

High 
17' 0" 

11 

High 
18' 9" 

12 

High 
20' 5" 

13 

High 
22' 2" 

14 

High 

23' 

11" 

15 
High 
25' 7" 

6 

26.0 

29.75 

34.76 

38.5 

41.75 

44.26 

46.5 

48.4 

50.0 

51.6 

52.7 

53.8 

65.0 

10 

13.1 

16.35 

20.0 

24.25 

28.0 

31.9 

36.0 

37.6 

40.0 

42.0 

43.6 

45.0 

46.5 

16 

7.6 

9.75 

12.25 

16.5 

19.0 

21.75 

24.25 

27.0 

29.76 

33.0 

34.25 

36.15 

38.0 

20 

4.8 

6.2 

8.0 

10.26 

13.4 

16.0 

18.0 

20.9 

23.0 

26.0 

27.50 

29.5 

31.5 

26 

3.3 

4.25 

5.6 

7.26 

9.6 

11.6 

13.75 

16.0 

18.05 

20.6 

22.1 

23.76 

25.76 

30 

2.36 

3.15 

4.1 

5.6 

7.25 

8.75 

10.5 

12.35 

14.36 

16.5 

18.15 

19.76 

21.26 

35 

1.76 

2.38 

3.15 

4.2 

5.6 

6.75 

8.1 

9.75 

11.6 

13 . 25 

14.7 

16.0 

17.6 

40 

1.36 

1.83 

2.43 

3.25 

4.4 

5.6 

6.6 

7.8 

9.2 

10.6 

12.05 

13.3 

14.5 

45 

1.06 

1.46 

1.96 

2.65 

3.6 

4.3 

5.16 

6.36 

7.4 

8.6 

9.6 

10.75 

12.1 

50 

0.86 

1.16 

1.68 

2.1 

2.8 

3.4 

4.2 

6.0 

6.0 

7.0 

8.0 

8.95 

10.1 

55 

0.70 

0.95 

1.29 

1.72 

2.28 

2.8 

3.45 

4.16 

4.9 

5.76 

6.6 

7.5 

8.5 

60 

0.6 

0.79 

1.06 

1.41 

1.88 

2.3 

2.9 

3.4 

4.06 

4.75 

5.66 

6.36 

7.15 

66 

0.6 

0.67 

0.89 

1.18 

1.57 

1.95 

2.35 

2.87 

3.4 

4.0 

4.62 

5.3 

6.1 

70 

0.43 

0.57 

0.76 

i 1.0 

1.35 

1.7 

2.08 

1 2.5 

2.95 

3.46 

3.95 

4.6 

6.05 

75 

0.37 

0.49 

0.65 

0.85 

1.17 

1.48 

1.78 

2.15 

2.53 

2.95 

3.45 

4.0 

4.56 

80 

0.32 

0.43 

I 

0.56 

0.75 

1.02 

1.28 

1.55 

1 

1.88 

2.2 

2.58 

3.05 

3.5 

4.0 

85 

0.28 

0.38 

0.5 

0.66 

0.9 

1.1 

1.35 

1.65 

1.96 

2.26 

2.63 

3.05 

a. 5 

90 

0.24 

0.34 

0.45 

0.59 

0.79 

0.98 

1.2 

1.45 

1.75 

2.05 

2.43 

2.75 

3.1 

95 

0.22 

0.3 

0.4 

0.53 

0.7 

0.85 

1.05 

1 . 25 

1.53 

1.83 

2.13 

2.46 

2.8 

100 

0.2 

0.27 

0.36 

0.47 

0.65 

0.77 

0.95 

1.15 

1.38 

1.65 

1.9 

2.2 

2.5 

105 

0.18 

0,25 

0.33 

0.43 

0.6 

0.7 

0.85 

1.05 

1.25 

1.5 

1.75 

2.0 

2.25 

no 

0.16 

0.22 

0.3 

0,4 

0.56 

0.65 

0.79 

0.95 

1.13 

1.36 

1.6 

1.85 

2.1 

115 

0.15 

0.2 

0.28 

0.37 

0.53 

0.6 

0.74 

0.8 

1.0 

1.25 

1.45 

1.7 

1.88 

120 

0.14 

0.19 

0.25 

0.35 

0.49 

0.52 

0.69 

0.75 

0.9 

1.15 

1.3 

1.56 

1.7 

125 

0.13 

0.18 

0.24 

0.33 

0.47 

0.50 

0.65 

0.72 

0.86 

1.05 

1.2 

1.4 

1.65 

130 

0.12 

0.16 

0.23 

0.32 

0.44 

0.5 

0.62 

0.7 

0.8 

0.98 

1.1 

1.25 

1.41 

135 

0.11 

0.16 

0.21 

0.3 

0.42 

0.49 

0.59 

0.68 

0.78 

0.91 

1.0 

1.15 

1.3 

140 

0.1 

0.14 

0.2 

0.29 

0.4 

0.48 

0.57 

0.65 

0.75 

0.85 

0.95 

1.06 

1.2 


All glaea 20 in. high. All values figured for overcast sky and 6 months’ dirt. 

Courtesy of the Detroit Steel Products Co. 


They are especially convenient in evaluating any particular 
fenestration and comparing it with other designs. For window 
heights and sill heights not shown, interpolation is usually con- 
sidered accurate enough. 

^Suppose you have a building 100 ft. wide to be daylighted 
from the side walls only and you want to know how high to 
make the windows s6 that you will have at least 10 ft.-candles 
in the center with the windows dirty and the sky overcast. 

*‘Tum to Table VII and run down the left-hand column until 
you reach 50 ft., which represents the center of your 100-ft. 
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building. Move across to the right until you reach 5 ft.-candles. 
This intensity will be doubled because the center of the building 
will be equally lighted from windows on both sides; 5 ft.-candles 
doubled equals 10 ft.-candles (the minimum requisite). Move 
up to the top of the column in which 5 ft.-candles appears and 
you will find at the top 17 ft., which is the necessary height of 
your windows. Your building and your light curve (see figures 
under 17 ft.. Table VII) will look like those shown in Fig. 67. 



Fio. 68. — Single-Btoxy building with 50-ft. wide monitor, windows in side walla 
and monitor. {Courtesy of the Detroit Steel Products Company.) 


“But 17-ft. high windows are beyond standard size— would 
require horizontal structural mullions or other types of wall 
construction. It might be better to reduce the height of the 
side-wall windows to 10 ft. 3 in. and install a 50-ft. wide monitor 
with 6 ft. 2 in. windows on the roof. This would provide 30 
ft. 10 in. total height of all four windows as compared to 100-ft. 
£k)or width or window area 30 per cent of floor area, 

“Your building and its dayhght curve will look like the diar 
gram in Fig. 68. 



Table VIII. — Foot-candles for Vertical Windows above the Working Plane 
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“The curves for windows A and B are taken from Table VII 
as before, except that the figures are found in the column headed 
10 ft. 3 in. 

“The sill of the windows in the monitor will be approximately 
15 ft. above the working plane. Therefore, turn to Table VIII 
and under the heading 15 ft. above working plane find the dimen- 
sion 5 ft. 2 in. (window height). From the figures in this column 
plot the dayhghting curve for monitor windows C and Z>. 

“Total the fight intensities of all four curves and you will 
have the total illumination across the width of your building. 
The minimum illumination is 13.5 ft.-candles, which occurs on 
either side of the building 20 ft. back from the side walls. The 
maximum illumination is 39 ft.-candles, which occurs 5 ft. back 
from the side walls. The ratio between maximum and minimum 
is three to one. ” 



CHAPTER VI 


INDUSTRIAL LIGHTING 

ARTIFICIAL LIGHTING 

During 15 to 20 per cent of the year the factory must have 
artificial light to supplement or replace the natural illumination. 
Diffused daylight is the best illuminant known, and so the arti- 
ficial lighting should approach this as closely as possible. 

Advantages of Good Light. 

Proper illumination unquestionably speeds up production 
and brings about greater efficiency in the factory. An exhaustive 
test was carried on at the Detroit Piston Ring Company, covering 
a period of 15 months, in which a careful check was made between 
production and lighting, all other factors being kept as nearly 


Table IX. — Improvement in Production Due to Better Lighting 


luflustry 

Average foot- 

candles with 

1 1 

Increase in 
production, 
per cent 

Old 

system 

New 
system j 

1 

Insulation tape manufacturing 

6.8 

7.9 1 

13.0 

Dress goods weaving 

1.9 

9.8 

25.0 

Infants’ hosiery mill 

6.5 

16.7 

10.8 

Silk hosiery mill 

7.2 

21.1 

15.0 

Piston-ring manufacturing 

1.2 

18.0 

25.8 

Letter separating dispatching division 

3.3 

7.6 : 

12.6 

Letter separating final sorting division 

3.3 

5.9 1 

20.0 

Electric and gas sad-iron manufacturing . . . 

0.7 

13.5 

12.2 

Carbureter assembly 

2.1 

12,3 

12.0 

Heavy steel machine shop 

3.0 

11.5 1 

10.0 

Soft metal bearings 

4.6 

12.7 

16.0 

Inspecting roller bearings 

5.0 

20.0 

12.6 

Semiautomatic buffing brass shell sockets . . 

3.8 

11.4 

8.6 

Jute spinning 

0.3 

4.8 

36.0 

Average 

3.4 ! 

12.1 

16.28 
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constant as possible. The results showed that with proper 
lighting, production was increased about 25 per cent. Table 
IX shows similar increases in production that have resulted from 
better lighting in other industries. Figure 69 shows the relation 
between the time of perception and the intensity of illumination 
on the object. The chart clearly shows how the increased illumi- 
nation will speed up the process of seeing. A longer time is 
required to perceive an object under poor light than under good 
light. Spoilage is also decreased and accidents are greatly 
reduced by having the factory properly lighted. 



Fig. 69. — Intensity of illumination affects perception time. 

Proper lighting improves the appearance of the factory, reduces 
fatigue and sickness among the workmen, lowers the labor turn- 
over, and promotes better morale among the eniployees. 

Characteristics of Good Artificial Light 

A well-lighted room is one which presents a favorable appear- 
ance, with no dark corners or heavy shadows present. The light 
should be diffused uniformly and distributed evenly throughout 
the whole room. If the sources of light are placed close together 
and at considerable distance above the plane of work, there is the 
tendency for the light rays from the different sources to overlap 
and produce softer shadows. High intensities and exposed 
sources of light not only produce the deepest shadows but are 
likely to produce glare. 

Glare may be of two kinds: direct and indirect. Direct glare 
is caused from exposed light sources and causes eye strain and 
also contracts the pupil of the eye, which decreases the effective- 
ness of the lighting system. The eye should not come in direct 
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Fig. 70. — The illumination in this room at the Timken Roller Bearing Company 
plant averaged about 5 ft -candles. 



Fio, 71. — ‘The new lighting S 3 nstem which replaced that shown above provided 
^ a inaximum of ft-oandles under which production increased 12.3 per cent. 
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line with an exposed light source except at considerable distance, 
or at least the light source should be at a 30-deg. angle away from 
the normal line of sight. The proper design of reflectors and 
lighting units will correct the cause of direct glare. Indirect or 
reflected glare is perhaps more annoying and tiring to the eye 
and is at least more difficult to correct than direct glare. It is 
caused by the light being reflected from some polished surface 
or tool, and even white glossy paper will give considerable glare. 
To uiinimizc this reflected glare it is best to diffuse the light 
at the sources and shield the direct light from falling on the 
working place. 

A good lighting system is one that is easy to maintain and 
economical to operate. It should give a steady non-flickering 
light and give off no impurities into the room. The efficiency 
of any lighting system is greatly decreased by dust and dirt, so 
it is important to have units so designed and arranged that they 
may be easily cleaned. 

The electric-filament lamp is standard in most industrial 
plants today, although the mercury-vapor lamp has some points 
in its favpr. Gas is seldom used. 

Mercury-vapor Lighting. 

The mercury-vapor lamp consists a glass tube from 2 to 
4 ft. in length and approximately 1 in. in diameter. An enlarge- 
ment in one end of the tube contains the mercury. An electric 
current passing through mercury vapor produces a soft, glowing 
light- made up mainly of three colors: yellow, green, and blue. 
The mercury-vapor lamp produces a very unnatural bluish 
light which distorts most colors. However, it is claimed for this 
lamp that it speeds up the seeing process, reduces eye strain and 
fatigue, and, because of the nature of the light-producing element, 
diffuses the light very evenly throughout the room. The mer- 
cury-vapor lamp has the disadvantage of giving unnatural color, 
and, in addition, the initial cost as well as the maintenance costs 
are high. 

Distribution of Light. 

Distribution of light may be effected in three ways; 

1. Direct lighting. 

2. Indirect lighting. 

3. Semi-indirect lighting. 
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Direct lighting brings the light to the surface to be illuminated 
directly from the source. Some protective covering such as a 
frosted or ribbed shade may be used to diffuse the light effec- 
tively. A large frosted or opal shade acts to decrease the bright- 
ness of the visible source, and this is desirable. 

Indirect lighting brings the light to the surface to be illuminated 
by redirection or reflection, using, in most cases, the ceilings and 
walls for this purpose. The source of light is hidden from view by 



Fig. 72, — General lighting, showing the use of R. L. M. standard dome reflectors. 


some opaque shield or reflecting device. No light is distributed 
directly from the source. 

Semi-indirect lighting combines the methods of both direct 
and indirect lighting, in that a translucent bowl or shade is 
use^ to reflect the light to the ceiling and upper walls and then 
on down to the surface to be illuminated, as in the case of indirect 
lighting. But at the same time some light falls directly from the 
translucent shade and so there are two lighting effects present. 
In general, it can be said that the indirect lighting is the most 
expensive and the direct the most economical as to the cost per 
foot-candle of light at the working surface to be illuminated. 
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For lighting the factory it is present practice to use the direct 
method of illumination, since it is the simplest, most effective, 
easiest to^ maintain, and certainly the most economical 

Methods of Arranging Light Sources. 

After the method of the distribution of the light has been 
determined, there are three methods of arranging the Ught sources 
ohat might be used: 

1. General lighting. 

2. Group lighting. 

3. Local lighting. 

General lighting is obtained by an even distribution of over- 
head sources near the ceiling of the area to be illuminated. The 
lighting units should have approximately the same intensities 
and should give a uniform light to all points in the room. This 
leaves no dark or gloomy areas. 

Group lighting is nothing more than localized overhead light- 
ing, modified to give special illumination to groups of machines, 
benches, or work places. A general lighting layout can be made 
without reference to the machine layout, while the group cannot. 

Local lighting is used where high intensities are required at 
some point on a machine or over a small area on a desk or work 
bench. On a lathe or machine of similar nature it is often neces- 
sary to have light directed from a horizontal plane, and so a 
single lamp may be used. Even when local lighting is desirable 
or necessary it should also be supplemented by general lighting. 

Proper Intensity of Light. 

For proper industrial lighting there are four general levels of 
illumination which the designer of a lighting system will do well 
to keep in mind.^ 

^^Five Ft^aiidles , — Satisfactory for work of a coarse nature, 
such as rough assembling, rough packing, coal and ash handling, 
and the like, where the eyes are not called upon to see small de- 
tails quickly and accurately. This value also would represent an 
abundance of light for warehouses, stockrooms, and aisles and 
passageways which were always kept free from obstructions. 
Enough light to dispel any sense of gloom. 

Ten to Fifteen Ft, -indies . — Considered good lighting for most 
kinds of work on light-colored surfaces and for fairly close work 

^ Factory lighfing Design, Bull, 42-B, p. 7, Engineering Dept. National 
Lamp Works, General Electric Co. 
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on dark surfaces. Not enough light for examining fine details 
on dark, light-absorbing surfaces. 

Fifteen to Twenty-five Ft, -candles , — Really excellent lighting. 
In addition to permitting quick and accurate execution of all 
work except the most exacting, lighting of this kind stimulates 
the workman and makes for fast and accurate production, 

^^Fifty to One Hundred Ft, -candles , — The upper range of artificial 
lighting values as judged by present experience. Necessary 
only in extremely fine, accurate operations and in inspections 
of very fine details. Usually employed locally and supplemented 
by general lighting of lower value.’’ 

Lighting Terms Defined. 

foot-candle is a measure of the degree to which a surface is 
illuminated. It is the unit of intensity and is the direct illumina- 
tion given by a standard candle when placed in a direct line 1 
ft. from the object. If a standard candle were placed inside a 
hollow sphere of 1 ft. radius, the inner surface of the sphere would 
be illuminated with an intensity of 1 ft.-candle. The area 
illuminated would be the area of the sphere of 1 ft. radius or 
At = 12.57 sq. ft. The intensity of illumination on a surface 
varies inversely as the square of the distance from the source 
to the surface, if the source dimensions are small in comparison 
with those of the surface. 

A lumen is the unit of light flux and is a measure of the quantity 
of light emitted by a source. In the above example of a standard 
candle placed in the center of a hollow sphere whose radius is 1 
ft., if an opening of 1 sq. ft. area were made in the surface of the 
sphere, the quantity of light escaping would be 1 lumen. The 
total quantity over the inner surface of the sphere would be 
or 12.57 lumens. The number of lumens required on any surface 
is the product of the area in square feet and the intensity of 
illumination desired in foot-candles. For example, if an average 
intensity of 6 ft.-candles is desired over a surface of 1,000 sq. 
ft., t^en 6,000 lumens must be delivered to the surface. 

The coefficient of utilization indicates the effectiveness with 
which the generated lumens reach the surface to be illuminated. 
Not all of the light emitted reaches the plane of work;^ some is 

^ Plane of work is an inaaginary plane at a distance above the floor at 
which a person commonly works at a machine, bench, or desk. Two and 
one-half feet is often used for this distance. 
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absorbed in the reflector, some in the walls and ceilings, and this 
coeflSicient is affected by the size, shape, and proportions of the 
room, the nature of the wall surfaces, and the color of the interior 
as well as the relative locations of the light sources. The fact 
that the color of the walls and ceiling affects the amount of light 
reflected is shown by the data in Table X. Table XIII gives the 
coefficients of utilization for the various conditions indicated. 


Table X. — Reflection of Colored Surfaces 


Color 

Reflection, 
per cent 

Absorption, 
per cent 

White 

81 

19 

Pearl gray 

70 

30 

Buff 

69 

41 

Medium gray 

35 

66 

Cocoanut brown 

22 

78 

Olive green 

14 

86 


A depreciation factor is used to give an increased illumination 
to an installation to provide for losses due to aging of the lamps 
and for decreased efficiency of the reflectors and bulbs, and also 
due to the accumulation of dust and dirt. 

Steps in Designing a General Lighting System. 

1. Selection of the Intensity of Illumination . — Sufficient light 
must be provided in order to prevent spoilage and accidents, to 
prevent eye strain and fatigue to the worker, to give a cheerful 
atmosphere to the shop, and in general to aid in increasing produc- 
tion. It is estimated that the difference between good and poor 
illumination can very easily cause a difference of from 8 to 25 
per cent in the output of the worker. 

2. Selection of Lighting Units . — An exposed electric-light bulb 
without reflector or shade should never be used. A good reflector 
should direct the light downward on to the working plane and 
also protect the eye from the bare light filament. As a further 
aid a frosted shade or bowl may be placed over the bulb which 
will diffuse the light and decrease the brightness of the source, 
thus protecting the eye from the direct glare. For general factory 
lighting the dome reflector with a bowl-frosted lamp is in general 
use today. This combination gives most of the desirable qualities 
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of a good lighting unit and it is very efficient, durable, and easily 
cleaned. The reflector is made of pressed steel with blue- white 
enamel baked on the inside and dark green on the outside. The 
slightly curved surface in the reflector diffuses and reflects the 
light and the wide rim shields the eye from the filament. If 
the bowl-frosted bulb is used, the eye is further protected. 

3. Determination of the Coefficient of Utilization, — From Table 
XIII the coefficient is indicated and can be found after the room 
index is determined. The walls and ceilings are usually p>ainted 
white but most of the wall space will be composed of windows 
which have a reflection factor equivalent to that of dark walls. 

4. Depreciation Factor. — This factor varies with the nature of 
the work done in the plant. Where dusty and dirty operations 



73. — Floor plan of the Carver Washing Machine Company, Machine Shop 
No. 4, showing lighting outlets. 


take place and where the lighting units are not kept clean, a 
low factor must be used. The factors commonly used run from^ 
0.70 to 0.85. 

5. Determination of the Number and Location of the Outlets 
and the Mounting Heights. — Table XI gives the spacing and 
mounting heights for direct lighting units. It is usually best to 
find a symmetrical layout of lighting units and it is well to study 
the possible location of the units with respect to the position 
of the columns of the building and then space an equal number of 
outlets to each bay. When one outlet will not provide sufficient 
illumination and where four outlets are too many, it may be best 
to place the two outlets on diagonals in each bay. Figure 73 
shows a floor plan and lighting layout of the Carver Washing 
Machine Company. The positions of the columns as well as the 
outlets are indicated. 
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Table XI. — Table for Determining Proper Spacing between Outlets 
AND Proper Mounting Height above Work or Floor 


Mounting height of unit 

Permissible 
distance between 
outlets 

(D) 

Permissible distance between outlets 
and sidewalls 

Above plane 
of work 

(H) 

Above floor 1 

(F) 

In usual locations 
where aisles and 
storage are next 
to wall 
(W) 

In oflfioes or where 
work benches are 
next to wall 

(W) 

4 

6M 

6 

3 

2 

6 

7H 

7H 

3^ 

2H 

6 

j 

9 

4K 

3 

7 


lOH 

6 

3K 

8 

lOM 

12 

6 

4 

9 

IIM 

13>^ 

63^ 

4H 

10 

12H 

15 

7H 

5 

11 

13M 

16>^ 

8 

5^ 

12 

143^ 

18 

9 

6 

13 1 

15M 

19H 

9M 

6H 

14 

16M 

21 

lOH 

7 

16 

17M 

22>^ 

11 

7H 

16 

18H 

24 

12 

8 

18 

20H 

27 

13H 

9 

20 

22M 

30 

15 

10 

22 

24M 

33 

163^^ 

11 

24 

26M 

36 

18 

12 

27 

29H 

40M 

20 

13H 

30 

323^ 

46 

223^ 

16 

36 

37>^ 

62H 

26 

17H 

40 

mi 

60 

30 

20 


Courtesy of the National Lamp Works. 


1 Hane of work (P) assumed to be 2}^ ft. above floor. When the plane of work ia higher 
>r lower than 2H ft. above floor, neglect column (F) and work from column (H). 



* Minimum allowance for (B) usually 1 ft. 
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Table XII. — Room Index for Large, High Rooms 


Feet 


For indirect lighting use ceiling height . . 
For direct lighting use mounting height 


14 to 

16 H 

17 to 
20 

21 to 
24 

26 to 
30 

31 to 
36 

37 to 
60 



10 to 
IIH j 

12 to 

13K 

14 to 
16H 

17 to 
20 

21 to 
24 j 

25 to 
30 1 

31 to 
36 

37 to 
60 


Room width, feet | Room length, feet 


Room index 



14 to 20 

1.0 

0.8 

0.6 

0.6 






20 to 30 

1.0 

0.8 

0.6 

0.6 





14 

30 to 42 

1.2 

1.0 

0.8 

0.6 

0.6 




(13 to 15H) 

42 to 60 

1.6 

1.0 

0.8 

0.6 

0.6 

0.6 



60 to 90 

1.5 

1.2 

1.0 

0.6 

0.6 

0.6 




90 up 

1.6 

1.6 

1.2 

0.8 

0.6 

0.6 




14 to 20 

1.0 

0.8 

0.6 

0.6 






20 to 30 

1.2 

1.0 

0.8 

0.6 





17 

30 to 42 

1.2 

1.0 

1.0 

0.6 

0.6 

0.6 



(16 to 18>^) 

42 to 60 

1.6 

1.2 

1.2 

0.8 

0.6 

0.6 

0.6 


60 to 110 

1.6 

1.2 

1.2 

0.8 

0.6 

0.6 

0.6 



110 up 

2.0 

1.6 

1.2 

1.0 

0.8 

0.6 

0.6 



20 to 30 

1.2 

1.0 

0.8 

0.6 

0.6 





30 to 42 

1.5 

1.2 

1.0 

0.8 

0.6 

0.6 



20 

42 to 60 

2.0 

1.6 

1.2 

0.8 

0.6 

0.6 

0.6 


(19 to 21H) 

60 to 90 

2.0 

1.6 

1.2 

1.0 

0.6 

0.6 

0.6 


90 to 140 

2.0 

1.6 

1.5 

1.0 

0.8 

0.8 

0.6 

0.6 


140 up 

2.0 

1.5 

1.6 

1.0 

1.0 

0.8 

0.6 

0.6 


20 to 30 

1.6 

1.2 

1.0 

0.8 

0.6 

0.6 




30 to 42 

1.6 

1.2 

1.2 

0.8 

0.6 

0.6 



24 

42 to 60 

2.0 

1.6 

1.2 

1.0 

0.8 

0.6 

0.6 


(22 to 26) 

60 to 90 

2.0 

1.6 

1.5 

1.0 

0.8 

0.6 

0.6 

0.6 

90 to 140 

2.0 

2.0 

1.6 

1.2 

1.0 

0.8 

0.6 

0.6 


140 up 

2.0 

2.0 

1.6 

1.2 

1.0 

0.8 

0.8 

0.6 


30 to 42 

2.0 

1.6 

1.2 

1.0 

0.8 

0.6 

0.6 



42 to 60 

2.5 

1.5 

1.6 

1.0 

1.0 

0.8 

0.6 


30 

60 to 90 

2.6 

2.0 

1.6 

1.2 

1.0 

0.8 

0.6 

0.6 

(27 to 33) 

90 to 140 

2.6 

2.0 

2.0 

1.6 

1.2 

1.0 

0.8 

0.6 

140 to 180 

2.6 

2.0 

2.0 

1.5 

1.2 

1.0 

0.8 

0.6 


180 up 

2.5 

2.0 

2.0 

1.6 

1.2 

1.0 

0,8 

0.6 


30 to 42 

2.0 

1.6 

1.6 

1.0 

0.8 

0.8 

0.6 



42 to 60 

2.6 

2.0 

1.5 

1.2 

1.0 

0.8 

0.6 

0.6 

36 

60 to 90 

3.0 

2.0 

2.0 

1.5 

1.0 

1.0 

0.6 

0.6 

(34 to 39) 

90 to 140 

3.0 

2.6 

2.0 

1.6 

1.2 

1.0 

0.8 

0.6 

140 to 200 

3.0 

2.6 

2.0 

1.6 

1.6 

1.2 

1.0 

0.8 


200 up 

3.0 

2.6 

2.0 

1.5 

1.6 

1.2 

1.0 

0.8 


42 to 60 

3.0 

2.0 

1.5 

1.2 

1.0 

0.8 

0.8 

0.6 

42 

60 to 90 

3.0 

2.6 

2.0 

1.6 

1.2 

1.0 

0.8 

0.6 

« (40 to 46) 

90 to 140 

3.0 

2.6 

2.6 

2.0 

1.5 

1.2 

1.0 

0.6 

140 to 200 

3.0 

2.6 

2.6 

2.0 

1.6 

1.2 

1.0 

0.8 


200 up 

3.0 

2.6 

2.6 

2.0 

1.6 

1.6 

1.2 

0.8 


42 to 60 

3.0 

2.6 

2.0 

1.5 

1.2 

1.0 

0.8 

0.6 

60 

60 to 90 

3.0 

3.0 

2.6 

1.5 

1.5 

1.2 

1.0 

0.6 

<46 to 66) 

90 to 140 

3.0 

8.0 

2.6 

2.0 

1.6 

1.5 

1.2 

0.8 

140 to 200 

' 8.0 

3.0 

2.6 

2.0 

2.0 

1.6 

1.2 

0.8 


200 up 

3.0 

3.0 

2.6 

2.0 

2.0 

1.6 

1.2 

1.0 


60 to 90 

4.0 

3 0 

2.5 

2.0 

: 1.6 

1.2 

[ 1.0 

0.8 

60 

90 to 140 

4.0 

3.0 

3.0 

2.6 

2.0 

1.6 

1 2 

1.0 

(66 to 67} 

140 to 200 

4.0 

8.0 

8.0 

2.5 

2.0 

1.6 

1.6 

1.0 

200 up 

4.0 

3.0 

S.O 

2.6 

2.0 

2.0 

1.6 

1.0 


60 to 90 

6.0 

4.0 

3.0 

2.5 

2.0 

1.6 

i 1.2 

0.8 

76 

90 to 140 

6.0 

4.0 

3.0 

2.6 

2.0 

1.6 

i 1.5 

1.0 

(68 to 00) 

140 to 200 

6.0 

4.0 

4.0 

3.0 

2.6 

2.0 

1.5 

1.2 


200 up 

6.0 

4.0 

4.0 

3.0 

2,5 

2.0 

1.5 

1,2 

00 or more 

60to 90 

6.0 

4.0 

3.0 

2.6 

2.0 

1.6 

1.2 

1.0 

90 to 140 

6,0 

6.0 

4.0 

3.0 

2.5 

2.0 

1.6 

1.2 


1404io200 

6.0 

6.0 

4.0 

8.0 

2.5 

2.0 

1.5 

1.2 

1 

200 up , 

6.0 

6.0 

4.0 

3.0 

3.0 

2.5 

2.0 

1.3 


CowU»y of tk « Bditom Lamp Warko . 
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6. Determination of Lamp Sizes . — There are several methods 
of determining the size of the lamps to be used. A very common 
and simple method is given here: 

, . ^ ^ total floor area in square feet 

Area m square feet per outlet = - ^unitefrf-^lets in room ’ 

Lamp lumens required per square foot = 

foot-candles 

depreciation factor X coefficient of utilization’ 

Lamp lumens Area in Lamp lumens 

required per = square feet X required per square 
outlet per outlet foot. 

After the lumens output per square foot is determined, then it is 
necessary to find a unit that will supply this amount. Table 
XIV gives data for Mazda lamps and from this table a suitable 
lamp can be found. 


A General Lighting Installation for a Factory. 'Sample Problem. 

The following requirements must be met in the lighting installation for 
the Carver Washing Machine Co., shop 4. 

1. General lighting for the machine shop doing light-manufacturing work. 

2. Intensity of illumination desired: 10 ft.-candles average. 

3. Three-story reinforced concrete building, flat-slab construction: 
length, 210 ft.; width, 90 ft. (30-ft. bays). 

4. Height of ceiling above floor, 14 ft. 

5. Interior of building painted white, glass side walls. 

6. Mazda C, clear-filament electric lamps to be used, 110 to 126 volts. 

7. Reflector: R.L.M, (Reflector and lamp manufacturers^ standard dome 

8. Working plane 2^ ft. above floor with ft. allowed for the reflecto) 
drop. 

9. Depreciation factor to be allowed: 0.75. 

Solution . — From Table XI the spacing-mounting height can be found. 
The dimension H equals the ceiling height minus the allowance for reflector 
drop and also the height of the working plane above the floor. Or 

H »= 14 ft. - (2K ft. -f IH ft.) » 14 ft. - 4 ft. = 10 ft. 


Where H equals 10 ft. (Table XI), the permissible distance between outlets 
is 15 ft. with 7.6 ft. from walls when no machines or benches are located next 
to the walls. With this information it now becomes possible to make the 
layout of the outlets as shown in Fig. 73. 

total floor area in square feet 
number of outlets 
90 X 210 18,900 


Area in square feet per outlet 


( 1 ) 


Lamp lumens required 
per square foot 


14 X 6 84 

foot-candles 


225 sq. ft. 


depreciation factor X eoefflcient of utilisatm 


( 2 ) 
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The coefficient of utilization is found from Table XIIL Table XII gives 
the room index as 5 for direct lighting with mounting height of 12^^ ft., 
room width 90 ft., and room length 200 ft. or more. With the room ratio as 
5 and with the light-colored ceilings and dark walls (glass walls, or windows, 
have a reflection value equivalent to that of dark walls) the coefficient of 


Table XIIL — Coefficients op Utilization 


Probable average 
illumination, per cent 
of initial illumination 


Clean 

condi- 

tions 


Aver- 

age 

condi- 

tions 


Dirty 

condi- 

tions 


Ceil- 

ing 

Very light (70 %) 

Fairly light (50 %) 

Fairly dark 
(30 %) 


Fairly 1 

Fairly 

Very 

1 

Fairly 

Fairly j 

Very 

Fairly 

Very 

Walls 

light 

dark 

dark 

light 

dark 

dark 

dark 

dark 


(50 %) 

(30 %) 

(10 %) 

(50 %) 

(30%) 

(10%) 

(30 %) 

(10 %) 


Room 

index 


Coefficients of utilization 


Calculation Data: Direct-lighting Porcelain-enamel Reflectors 
R L.M. dome, clear lamp 




0 6 

0.34 

0.29 

0.24 

0.34 

0.29 

0.24 

0.28 

0.24 



0 8 

0.42 

0.38 

0.34 

0.42 

0.37 

0.33 

0.37 

0.33 



1.0 

0.40 

0.43 

0.39 

0.45 

0.42 

0.39 

0.42 

0.39 



1.2 

0.50 

0.47 

0.43 

0.49 

0.46 

0.43 

0.45 

0.42 

0.80 

0.7(1 

1 5 

0.63 

0.50 

0.40 

0.52 

0.49 

0.46 

0.48 

0.46 

2 0 

0.58 

0.55 

0.51 

0.57 

0.64 

0.51 

0.53 

0.51 



2 6 

0.62 

0.69 

0.56 

0.61 

0.58 

0.56 

0.58 

0.56 



3.0 

0.04 

0.61 

0.68 

0.03 

0.60 

0.58 

0.60 

0.58 



4 0 

0.07 

0.05 

0.63 

0.06 

0.04 

0.62 

0.63 

0.61 



5.0 

0.09 

0.07 

0.65 

0.67 

0.66 

0.64 

0.65 

0.63 


R L M dome, white bowl or inside-frosted lamp 





0 6 

0.32 

0.28 

0.26 

0.32 

0.28 

0.25 

0.27 

0.26 




0.8 

0.40 

0.36 

0.34 

0.39 

0.36 

0,33 

0.35 

0.33 




1 0 

0.43 

0.39 

0.37 

0.42 

0.39 

0.37 

0.39 

0.37 




1 2 

0.46 

0.43 

0.41 

0.45 

0.43 

0.41 

0.43 

0.41 

0.85. 

0.80 

0 70 

1 5 

0.48 

0.45 

0.43 

0.47 

0.45 

0.43 

0.46 

0.43 

2.0 

0.52 

0.50 

0.48 

0.61 

0.49 

0.47 

0.49 

0.47 




2.5 

0.66 

0.64 

0.62 

0.56 

0.63 

0.61 

0.53 

0.51 




3.0 

0.57 

0.56 

0.63 

0.56 

0.54 

0.62 

0.64 

0.52 




4.0 

0.60 

0.58 

0.56 

0.59 

p.57 

0.55 

0.57 

0.65 




5.0 

0.61 

0.69 

0.57 

0.60 

0.58 

0.57 

0.68 

0.56 

Glassteel diffuser, clear lamp 




0.6 

0.29 

0.26 

0.21 

0.28 

0.24 

0.21 

0.23 

0.21 




0.8 

0.36 

0.32 

0.29 

0.35 

0.31 

0.28 

0.31 

0.28 




1.0 

0.39 

0.36 

0.33 

0.38 

0.35 

0.33 

0.34 

0.32 




1 2 

0.42 

0.39 

0.36 

0.41 

0.38 

0.36 

0.37 

0.36 

0.80 

0.76 

0.66 

1.6 

0.45 

0.42 

0.39 

0.43 

0.40 

0.38 

0.39 

0.38 

2.0 

0.49 

0.46 

0.43 

0.48 

0.45 

0.43 

0.44 

0.42 




2.6 

0.53 

0.60 

0.47 

0.51 

0.49 

0.47 

0.47 

0.46 




3.0 

0.54 

0.52 

0.49 

0.62 

0.60 

0.49 

0.49 

0.47 




4.0 

0.67 

0.55 

0.53 

0.66 

0.63 

0.51 

0.61 

0.60 




5.0 

0.58 

0.56 

0,64 

0,66 

0.64 

0.63 

0.52 

0.61 


CourUtBy of the Edison Lamp Works. 
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Table XIV. — ^Lamp Data 
Mazda C lamps 


110, 116, and 120 volte 


Watts 

50* 

60* 

100* 

150 

200 

300 

600 

760 

1,000 

Lumens, per watt . 

10.8 

11.1 

13.2 

15.2 

16.1 

17.4 

18.8 

19.7 

21.0 

Total lumens 

640 

660 

1,320 

2,280 

3,220 

5,220 

9,400 

14,770 

21,000 

Mazda daylight lamps 

Watts 

60* 

100* 

150 

200 

300 

500 




Total lumens 










(approx.) 

430 

870 

1,600 

2,100 

3,400 

6,400 





* Inside frosted. 


utilization is 0.65 from the Table XIII, for R.L.M. dome reflector, clear 
lamp. 

Now, substituting in Eq. (2) : 

Lamp lumens required per square foot = 5 " 7 ^^( 3 ^ “ 20.5. 

Lamp lumens Area in square feet I.»amp lumens required 
required pe- - per outlet X per square foot (3) 

outlet (irom (1)) (from (?)) 

-s 226 X 20.6 == 4,613 lumens. 

Referiing to Table XIV, it is apparent that a 300-watt standard Mazda C 
lamp on 110- to 126-volt circuit will give 6,220 lumens, which is satisfactory. 




PART 11 

TIME AND MOTION STUDY, WAGES, AND 
MANUFACTURING COSTS 




CHAPTER VII 


TIME AND MOTION STUDY. STOP-WATCH 
TIME STUDY 

Time study has two main purposes: First, it is used to deter- 
mine the best method of doing work. This involves motion 
study of the operations as well as the standardization of all 
of the conditions surrounding the job. Second, time study may 
be used for setting rates, that is, as the basis for some wage- 
incentive system. The standard time which is determined by 
time study can be used with almost any of the different premium, 
bonus, or piece-rate plans for paying the workers. Besides these 
two purposes, time-study standards are used for cost calculations 
and reports, for estimating delivery dates of orders, for aiding 
in the planning and scheduling of work through the factory, and 
for other phases of production control. 

Standardization. 

Time study can be of little value as a basis for rate setting 
unless conditions are standardized for the job. That me^s that 
the method of doing the work, the tools to be used, the fixtures 
and jigs or clamps must be specified for the work. The speeds 
and feeds of the machine must be correct, the material must be 
standardized as to size, shape, and quality. The conditions 
in the shop and those surrounding the worker must be maintained 
identical with those which were present when the time study was 
made. This, of course, assumes that the best conditions and 
methods possible are determined and set up before the actual 
stddy is noade. Motion study aids in the determination of the 
most effective motions and shows the uimecessary ones which the 
operator should be trained to omit. Motion study further 
aids in selecting the proper sequence of useful motions. In 
one plant, for example, the correct method of performing an 
assembly operation was determined after a very detailed study 
of the motions made by the hands and feet of the operator. Now, 
this ^best method” is taught to every person who does this kind 

125 
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of work. A school is maintained and a training period of about 
6 weeks is required before the average operator develops suffi- 
cient akill to perform this one operation which is but a fraction 
of a minute in length. Since there are over 150 employees work- 
ing on this one operation, it was found profitable to make such a 
detailed study of the job. 

Equipment Used for Time Study. 

The most common method of time study requires a decimal 
stop watch. The minute-decimal watch (Mg. 74) has the dial 
divided into 100 equal spaces, each of which represents 0.01 

min., the hand making one complete 
revolution each minute. A smaUer 
dial on the watch is divided into 30 
spaces, each representing 1 min. of 
time. The hour-decimal watch has 
the dial divided into 100 spaces, each 
of which represents 0.0001 hr., the 
hand making 100 revolutions per hour. 
The small dial on this watch is divided 
into 30 spaces, each representing 0.01 
hr. of time. The hands of this watch 
may be snapped back to zero by press- 
ing the stem B of the watch, or they 
may be locked in position by moving 
the slide A on the left side of the watch 
case. A light board slightly larger than the time-study sheet is 
used to hold the paper and the watch. A speed counter, tachom- 
eter, slide rule, and speed rules are usually part of the necessary 
equipment for time-study work. 

Methods of Reading the Stop Watch. 

The two principal methods of reading the stop watch are the 
snap-back or repetitive method and the continuous method. In 
the snap-back method the watch is started at the beginning of the 
first element by pressing the stem of the watch, which snaps 
the hand back to zero and permits it to move forward instantly. 
At the end of the first element the watch is read and the hand 
is again snapped back to zero and instantly moves forward, 
measuring ^ time of the second dement, etc. This method 
gives the direct time without subtraotions and the data are 



Fiq. 74. — Minute-decimal 
40 top watch. 
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recorded on the time-study sheet as read from the watch. Figure 
78 shows a time-study sheet suitable for recording snap-back 
readings. 

When time studies are made by the continuous method, the 
same stop watch may be used as for the snap-back method, but 



Fio. 75. — Thne-study board with timenstudy sheet for recording data taken 
» ^ by the continuous method 

in this case the watch is permitted to run Continuously from the 
beginning of the first element to the end of the operation. At 
the end of each element the position of the hand is noted and this 
reading is recorded on the time-study sheet. In order to find 
the time for each element it is necessary to subtract each reading 
from the one following. Rgure 75 sliows a minute-decimal 
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watch and a time-study sheet suitable for recording continuous 
readings. In general, it can be said that the continuous method 
is more satisfactory for time-study work. 

It is sometimes desirable to use two stop watches, as shown 
in Fig. 76. Slides A of the two watches are linked together by 
the bar C in such a manner that by pressing C to the right the 
lower watch is started and the upper watch is stopped, the hand 



Fio. 76. — Time-study board showing two minute-decimal stop watches. 


of the upper watch being stopped in position. Therefore, this 
watch can be read and the hand then snapped back to zero by 
pressing the stem B of the watch. The watch is then in readiness 
for the timing of the nespt element. When bar C is moved to^ the 
left, the upper watch is started and the lower one is stopped, and 
it is then read and snapped back to zero, as was the up{^r watch 
brfore. The use of iwo watches tends to eliminate mmrs ih 
reading the watch, mnce the reading does not need to be made 
wUe the hands of the watch are in motion. , 
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Methods for Determining Time 
Standards. 

There are three ways of arriving at 
a standard or ‘Hask^^ time. First, a 
time study may be made in the shop 
while the operation is being performed. 
This method is the most common and 
the stop watch is usually used for tak- 
ing the time elements of the operation, 
although a motion-picture camera is 
sometimes used. 

Second, time standards may be set 
from standard data, these data having 
been accumulated and tabulated for 
fundamental elements and being the 
result of many time studies. Where 
several elements occur over and over 
again it is possible to set a standard 
time for each of these fundamental 
elements and then they need not be 
timed when further studies of similar 
work are made, A fundamental ele- 
ment might be defined as a single 
direct complete motion of the opera- 
tor or the machine, which cannot be 
further divided into shorter motions. 
For example, in Fig. 78, a time study 
is shown for drilling a hole on a 
single-spindle Avey drill, hand feed. 
Element three of the study, lower 
drill to piece,” would be a single, 
direct, complete motion of the opera- 
tOB^s right arm and could be considered 
as a fundamental element for many 
drilling operations. 

Third, formulas can often be devel- 
oped which make it possible to deter- 
mine time standards entirely from 
^accumulated data. It is desirable to 
have the data in the form of charts 



Fio. 77. — Speed riide rule. With the aid of this rule it is possible to convert r.p.m. into surface velocity (in feet per minut^) or vice 

versa, with one setting of the slide. 
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and tables in order to facilitate the use of the formulas and 
simplify the calculations required. 

The Stop-watch Time Study. 

Figure 78 shows a time-study sheet used by a machine-tool 
plant and it is much like that used by many other industries. 

I I TIME STUDY SHEET I 


.PART NAME 

Aettusfma Scretv 

Customer 

Hliss Machine Co. 

OPERATION NAME 

Drill '/a* H ole 

- 

0£PT MAN^S NAME » No 

12' P JS. Smith t562 

BRINtlL READING 

MACH. No. MACH NAME ft CLASS 

DAS c SO Avti Sinak Spindle ^60 

No. PCS. ON ORDER 

250 




iE3HiC3HilE3iii£3HiE3i 
iS|flB3B3B3H0B3E3HZIB3Hiil3| 
|dd@EEiCi3^iEmE9| 
^OEaCElEaddHilsEll 

lESWCEBBIEWiBBiBEPI 


IfMMESWUKSLWK 


1011 


' ™82i K35EEi 

iBdSZHdSSQHlI 


.!3-H ,1011 

J4-f 


ipoHHMiHidaMaaMaoii 

m \ 


ESdBI 


iiaaiBBoiBil 

wm — 

IBBQ 


BASE TIME PER Rita .96 ALIOWANCE /O % 



FtN ;e PCS. 


»T£ . 


Fig. 78. — Time study made by the snap-back method. 


It will be assumed that the coaditions and methods for drilling 
the 34-in. hole in the adjusting screw have all been studied and 
are the best that can be used under present circumstances. A 
jig is available for drilling the hole because it is impoitant that 
the hole be located exactly 3 in. from the shoulder and that it 
be in the center of the sh^t. The speed and feed chart shown 
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in Fig. 79 is consulted in order to determine whether the drill 
is running at the correct speed for a high-speed drill, 

hand feed. 


Diameter 
of drills, 
inches 

100 ft. per min. 

90 ft. per min. 

j 70 ft. per min. 

40 ft. per min. 

Bronze and brass 

Cast iron 

Medium steel 

Tool steel 

R.p.m. 

Feed, 

inches 

jR.p.m. 

Feed, 

inches 

R.p.m. 

Feed, 

inches 

R.p.m. 

Feed, 

inches 

H 

3,100 

0.010 j 

1 

2,810{ 

0.004 

2,130 

0.004 

1,220 

0.006 


2,050 

0.010 

1,840 

0.006: 

1,420 

0.006; 

810 

0.006 


1,550 

0.010 

1,390 

0.010: 

1,070 

0.007 

605 

0.006 


1,220 

0.012 

1 , 100 

0.0101 

850 

0.010 

485| 

0.007 

H 

1,020 

0.012 

915 

0.010 

710 

0.010 

405 

0.007 

Me 

870 

0,015 

780 

0.013 

608 

0.010 

347 

0.009 

H 

760 

0.015 

685 

0.013 

530 

0.010 

303 

0.009 

He 

680 

0.020 

610 

0.015 

472 

0.012 

270 

0.010 

H 

610 

0.030 

545 

0.015 

425 

0.014 

242 

0.012 


560 

0.030 ! 

500 

0,015 

388 

0.014 

220 

0.012 

y* 

500 

0.030 ; 

455 

0.015 

355 

0.014 

203 

0.012 

'He 

470 

0.030 i 

420 

0.015 

327 

0.014 

1871 

0.012 

H 

435 

0.030 

390 

0.018 

305 

0.014 

173 

0.012 

'He 

405 

0.030 

355 

0.018 

283 

0.014 

162| 

0.012 

1 

380 

0.030 

340 

0.018 

267 

0.014! 

152 

0.012 

1 H 

340 

0 030 

300 

0.018 

237 

0.014 

135 

0.012 

1 H 

300 

0.030 

275j 

0.018 

212 

0.014 

122 

0.012 

1 % 

275 

0.030 

245 

0.018 

193 

6.014 

110 

0.012 

1 H 

! 250 

0.030 

225 

0.018 

178 

0.014 

102 

0.012 

1 H 

230 

0.025 

210 

0.014 

163 

0.010 

94 

0.007 

1 H 

215 

0.025 

195 

0.014 

152| 

0.010 

87 

0.007 

1 H 

200 

0.020 

180 

0.014 

142 

0.010 

82 

0.007 

2 

190 

0.020 

170 

0.014 

133 

0.010 

76 

0.007 

2 H 

175 

0.020 

160 

0.014 

125 

0.010 

72 

0.007 

2 H 

165 

0.020 

150 

0.014 

118 

0.010 

67 

0.007 

2 % 

160 

0.020 

146 

0.014 

112 

0.010 

64 

0.007 

2 H 

160 

0.020 

135 

0.014 

107 

1 0.010 

61 

0.007 

2 H 

146 

0.020 

130 

0.014 

102 

0.010 

67 

0.007 

2 H 

135 

0.020 

123 

0.014 

97 

[ 0.010 

55 

0.007 

2 

130 

0.020 

117 

0.014 

92 

I 0.010 

53 

1 0.007 

3 

125 

0.020 

113i 

0.014 

87 

0.010 

50 

0,007 


Fig. 79.^ — Speed and feed chart for* drilling. 


The time-study observer fills in the heading of the time-study 
sheet with the information from the drawing of the piece and 
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from the operation sheet which accompanies it. Any other 
necessary data are listed at the bottom or on the back of the 
sheet. The operation is then divided into its elements and these 
are listed. It seems desirable to divide this operation into eight 
elements. The first three and the last four are called handling 
time’' and the fourth, drill hole, “machine time.” In every 
time study, machine time is kept separate from handling time. 
This is desirable because one is a function of the operator and the 
other of the tools. After the elements are listed on the sheet the 
the watch is used and the time for each element is recorded. 
The snap-back method is used on this study. A second stop 
watch is often used for taking the overall time of the operation. 
Also, a clock time may be made of the entire time required for the 
operator to drill the 18 pieces studied. This information is 
recorded on the time-study sheet. The number of pieces that 
should be timed is determined by the judgment of the observer. 
Eighteen sets of readings were made in this study. 

Determination of the Base Time and the Time Standard. 

After all the data are recorded, a drawing or sketch of the part 
is made on the bottom or back of the time-study sheet and the 
data are then ready to be analyzed in order to determine the 
elements that are representative of the time required to perform 
the operation. The data are first examined for the purpose of 
discarding any high or low readings. If a reading is considerably 
higher or lower than the preceding or following ones, it is an 
indication that there has been an error in reading the watch or in 
recording the data, and such readings should not be considered 
in the determination of the base time. 

The four methods for finding the “selected time” or “base 
time” for an operation are; (1) minimum, (2) average, (3) modal, 
and (4) “good time.” There is little to be said in favor of the 
method of selecting the minimum time as the base. The second 
method is much more commonly used — that of taking the average 
of the readings. By the modal method is meant the selection of 
the time element that occurs, most frequently. This method is 
perhaps the most satisfactory of any and it is widely used. The 
good-time method permits the time-study observer to use his 
judgment in modifying the mode. A time which occurs fre- 
quently may be selected rather than the one that occurs most 
frequently. 
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The modal method was used in determining the base time for 
the time study shown in Fig. 78. For the first element, ^^pick 
up piece and place in jig, ” 0.12 min. occurred seven times, while 
0.11 occurred five times and 0.13 twice. Therefore, 0.12 is 
used for the selected operation time for this element. In a like 
manner, the other time elements are selected and the total of 
these is called the selected operation time or the base time. This 
base time is 0.98 min. for this operation. A total allowance of 
10 per cent is added to the base time giving a standard time of 
1.1 min. for the operation. 


Table XV. — Time-setting Table for Sensitive Drills 
Chucking and removing time 

1. Work held in jig. 

Classes: 

A. Held by thumb screw. 

B. Held by set screw. 

C. Held by thumb and set screw. 

D. Held by cover strap and thumb screw. 

E. Held by cover strap and set screw. 

F. Held by cover strap, thumb screw, and set screw. 


Operations 


Time, hundredths of a 
minute 


t 1 

A 

B 

c 

D 

E 

F 

1. Pick up piece and place in jigi 

12 

12 

12 

12 

12 

12 

2. Swing cover strap and tighten lock screw . . 

, . 

, , 

, , 

10 

10 


3. Tighten thumb screw 

liKl 

, , 

08 

08 

, , 


4. Tighten set screw 



12 


12 

12 

5. Loosen set screw 


06 



06 


6. Ix)osen thumb screw 

m 



05 



7. Swing cover strap back and loosen lock 







screw 




ns 

08 


8. Remove piece from jig 

la 

08 

08 


08 


9. Blow out jig 

12 



12 

12 


12 

12 

Total 

46 

60 

63 

63 

68 

81 


Note. — Add 0.32 when jig is strapped to table. 

Add 0.07 for each additionaLthumb screw. 
Add 0.08 for each additional set screw. 
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Table XVI. — Time-setting Table fob Sensitive Drills 
Chucking and removing time 

2, Work held by strap. 

Classes : 

A. Held by one strap. 

B. Held by two straps. 

C. Held by three straps. 

D. Held by drawbolt and washer 

E. Held by table stops. 
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Table XVIII. — Time-setting Table for Sensitive Drills 
Machine manipulation time 

Classes : 

A, Drilling, one drill and no bushing. 

B, Drilling, placing, and removing bushing. 

C. Drilling, placing, and removing drill. 

D. Drilling, placing, and removing drill and bushing. 


Operations 

Time, hundredths 
of a minute 

1 

1 

1 

A 

B 

c 

D 

1. Place bushing in jig 


06 


06 

2. Place drill in chuck 


04 

04 

3. Advance drill to hole i 

04 

04 

04 

04 

4. Raise drill from hole 

03 

03 

03 

03 

6. Remove bushing from jig 

05 

05 

6. Remove drill from chuck 


03 

03 




Totals 

07 

18 

14 

25 



Note. — Add 0.15 when quick-change chuck is not used (cases B and C). 
Add 0.06 for advancing work to next 8pindl(\ 

Add 0.05 when reamer is oiled before entering hole. 


Table XIX. — Time-setting Table for Sensitive Drills 
Set-up time on sensitive drills (Avey, Sipp, Edlund, and Turner) 


1 . 

2 . 

3. 

4. 

6 . 

6 . 

7. 


8 , 


Description of work 


Time, 

minutes 


Small work held in jig which can be handled very easily by 

hand 

Small work held in vise 

Small work which is held to table by one or two straps 

Small work held in jig having a number of drilled, tapped, and 

reamed holes 

Small work held in jig and jig held in vise 

Work of medium size held by one or two straps 

Wc^rk of medium size held from turning on table by a stop in 

T-slot \ 

Work of circular type such as washers, collars, bushings, and 
sleeves is held to table by a draw bolt through center 


15.00 

15.00 

15.00 

30.00 

30.00 

30.00 

15.00 

16.00 


Note. — When tool lists for any of the above must be made out, an addi- . 
tional 15 min. are albwed. This is applied only to new jobs or when a new 
jig or ixture has been made. 
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Standard Data for Ftmdamental Elements. 

It is evident that the jig used in drilling the one-inch adjusting 
screw, shown on the time-study sheet, can also be used for drilling 
many other sizes. The only factor that will vary in the drilling 
operation of the different sizes will be the time required to drill 
the hole. Also, other jigs similar to the one used on this opera- 
tion will have some fundamental elements that are identical. 
For example, the time to '^pick up piece and place it in the jig^' 
will be approximately the same for many kinds of shafts, screws, 
collars,^nd odd-shaped pieces, as long as the pieces are about f he 
same size as to dimensions and weight. Tables can be made up 
from time studies to contain standard time elements as shown ^ 
on pages 133 and 134. If this information had been available, 
the time study in Fig. 78 would not have been taken. It would 
be a very simple matter to refer to Table XV, find that the jig 
used is that of class A and that the time required for chucking 
and removing the piece is 0.45 min. The time for machine 
manipulation is shown in Table XVIII and this is 0.07 min. So 
that the total handling time for the operation would be 0.45 + 
0.07 = 0.52 min. If no table is available for the machine time 
(drilling time in this case), this element could be timed and 
added to the handling time. That means that the ordinary stop 
watch would be required to time the drilling element and then 
this time would be added to the handling time as taken from the 
tables. The sum would be the base time to which would be added 
the allowances to give the standard time for the operation. 

With time-setting tables available as shown on the preceding 
pages, the time study would appear as follows: 


Chuck and remove piece (from Table XV) ... 0.46 
Machine manipulation (from Table XVIII) . 0.07 
DRILL J4-IN. HOLE (actually timed as in 
Fig. 78) 0.46 

Selected operation time or base time 0.98 

Allowances to be added = 10 per cent 0.098 


Standard time for one piece 1 078 use 1 . 1 


It is evident that considerable time and effort are saved by the 
use of the standard data and this at once leads to the idea of 

^ These tables have been developed and used sucoes^uUy by the Gleaeon 
Works. 
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developing a complete set of tables and charts which will make 
it possible to build up the standard time entirely without any 
actual time study being made in the shop. 


Use of Charts and Formulas in Setting Time Standards. 

The use of standard data for determining handling time hits 
been explained above. The machine time in an operation can 
very often be calculated, and particularly is this true when feeds 
and speeds of the machine are accurately maintained. Foi 
example, in the case of a milling machine with power feed, if the 
feed of the table is known in inches per revolution of the cutter, 


limits of fractional Oiinensionsaret^unless otherwise specified 


PART NO. 1075 -A-F\ 

REQ'O. 

USED ON 

/ 

G.W.Asb.AF 

/ 

PZTU-As 'AF 

/ 

LS. Asb 



Stamp 
No. of Teeth 


\ Break Corners of 
Spline kAS"* 

■t N ^ 

r/Q- 10 Spline Involute Broach 


Use Forgmg - F- 1-170 


Teeth 

Pjtch 

Press Angle 
Pitch Dtam 
Addendum 
Corn. Addendum 
Full Depth 
Chord Thickness 
Hob No 

Backlash Allotted 


75 

10 

14 >2° 
7.50 
0 . 100 ^' 
o.ioir' 
0.216'’ 
0JSS6'* 
SION 
0.003'* 


MATER 1 A L 5. . £ Steel Np. 25 15 

PART NAME Feed Change Gears 

HEAT TREATMENT 

Caseharden 

BRINELL - SCLER..Z? 

MACH. NAME 

DESIGNED BY 



SCALE Vz SIZE 

DETAILED BY 



PART NO. 

I075-A-F 

CHECKED BY 

C. T. 0. 


dwg.chamgedI I 1 1 

PATT. NO. 



Fig. 80. — Detail drawing of a change gear, part 1075-AF. 


and if the speed of the cutter is known in revolutions per minute, 
it is just a question of simple arithmetic to find the time required 
to mill a bar of a given length. An allowance must be made for 
the approach and overtravel of the cutter, but that can be cal- 
culated. ^ If a shaft of a given length is placed between centers in 
a lathe^ and if the speed and the feed are known, it is an equally 
simple matter to calculate the length of time required to make 
the cut across the shaft and so find the machine time. There- 
fore, to build up the standard time for an operation completely, 

^ Lbb, M. a,, and D. Vanotwatb, Time Setting in a Machine Tool Plant, 
Ind, Management^ vol. 19, No. 3, p. 152, March, 1926. 
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charts and tables must be available for determining both the 
handling time and the machine time. The sum of these two, 
plus the allowances, will give the standard time for the operation. 

In order to determine the standard time of an operation com- 
pletely, the following information would be required: 

• 1. Feed and speed charts for the machine similar to that given 
in Fig. 83. 

2. Machine data giving the maximum and minimum sizes of 
work that the machine will take. Also instructions indicating 
the machine type or class that should be used for the operation 
to be performed. 

1. Change gear: 


Case A . — Cut off in automatic no web 




Case B . — Cut off stock with saw. . no web 


Case C. — Cut off stock with saw . . with web 


Case D. — Drop forgings with web ^ 

Case E . — Cast iron with web 

Bores: 

(а) Spline 

(б) Round 
(c) Square 

Fig. 81 . — Classification of spur change gear blanks. 

3. A tabulated set of standard chucking methods, jigs, tools, 
and other equipment for holding the work. 

4. A classification of all work that is performed on the machine 
such as shown in Figs. 81 and 82. 

5. Time-setting charts, tables, or formulas for determining 
the handling time as shown in Fig. 84. 

A standard must be determined for each of the different chuck- 
ing methods, standard set-ups, etc. These, once having been 
made from time studies, need be recorded only in tabular or 
graphical form for convenient reference and use. 

In order to make this whole idea more easily understood, it 
will be assumed that nn order is received in the shop for 100 
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‘^change gears/^ as shown by the detailed drawing in Fig. 80. 
This problem of finding the standard time for turning the blank 
will show the use of standard data and formulas. The change- 
gear blank is to be 7.700 in, in diameter finished, and it will be 
made from a drop forging. All spur change gears that have 
previously been made in the shop have been classified into five 
standard kinds, as shown in Fig. 81. From this table it is seen 


Spub Gsabs 


Case D , — Drop forgings, with web 



Material: S.A.E. 1020 
S.A.E. 2315 
S.A.E. 2320 
Bore: 
Round or 
Spline 


Operation 
number j 

Operations (round bore) 

1 

Machine 
class 1 

Time 
' setting 
table 

5 TR 

Rough 1 side and of outside diameter 

58 


10 TR 

Bore, rough other side and ) i oi outside diam- 




eter 

58 


15 BR 

Broach bore 

64 


20 BR 

Broach key way 

64 


25 RE 

Hand ream 

X 


30 TR 

Face one side 

60 


36 TR 

Face other side and finish outside diameter. . . 

60 


40 TR 

Radius all comers 

60 


46 ST 

Stamp number of teeth 

X 



Fig. 82. — Operation sheet for spur change gear blank (Case O). 


that the present gears to be made will fall into case D, since they 
are steel forgings with web. There is a standard operation or 
route sheet giving the procedure for machining the gears falling 
into each of the five classes. The operation sheet for case D, 
shown in Fig. 82, lists each operation to bc performed in its 
proper sequence. The first operation is 5TR, ‘'face one side, 
rough % (O.D. meaning outside diameter). This work 

will be done in department 1 1 on a machine in class 68. Machine 





Double-spindle Tcrret Lathes, Serial numbers — 1052, 1113, 1114, Machine class 58 
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Fia. 83. — Speed and feed chart for Jones and Lamson flat turret lathes. 
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class 58 refers to a Jones and Lamson two-spindle turret lathe. 
This job might have been done on either the J. & L. or a Warner 
and Swasey lathe, but from experience it is known to be more 
economical to do lots of 25 pieces or more on the J. & L. The 
set-up time and the tooling equipment available are the deter- 
mining factors. 

Figure 83 shows the speed and feed chart which will be used for 
this operation. The time-setting table is given for operation 
5TR, case D, in Fig, 84. This table is a master time study 
made up from many time studies. By checking the base time 



Fig 83a — Jones and Lamson flat turret lathe. 


for turning blanks of different diameters, it was found that the 
machine time was the only variable. That is, the handling 
time was found to be practically the same for a blank 5 in. in 
diameter as for one 8 or 10 in. in diameter. So it can be said 
that the time-setting table in Fig. 84 gives in tabular form the 
proper sequence of elements, along with the time for each element. 
This table is correct for any spur-gear blank, under case D, 
regardless of its diameter. 

Inhere are two main divisions of the work: (1) set-up and (2) 
the actual operation. The set-up or preparation time is required 
for tooling the machine and arranging it in readiness to,perform 
the operation. The standard time allowed for this is 60.00 
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min., as shown on the instruction sheet in Fig. 85. The set-up 
time was determined by time study. The actual operation 
is composed of two parts, namely the handling time and the 
machine time. By handling time is meant the time used in 
manipulating the machine and in placing and removing the piece 
from the machine, as distinct from the machine time, which is 


TIME SETTING TABLE 
Spur Gears- Case D 



Sphne or round 
bore 


Material ~S A E 2315 (drop forgmgs) Machine J ones a Lamson 
Operation JFt ^ SpmdkFM Turret Lathe 

Drill ^ rough / side and ^ oE 0 D 

1 SetupTime 

cjj r,ee,e, \b0 mm new sefup 

lime changing size only 

2 Handling Time 


Operations 


Pick up and chuck ? pieces 

5 tart machine and true up (if necessary j 

Change Speed 

Adv fur ret and throw in feed 

ROUGH O D (S/^) 

Back turret and index 

Adv turret-^ set headstock, throw m feed 

and change speed 

DRILL 

Back turret and index 

Adv turret and lock 

Adv headstock, change speed 

and throw m feed 

ROUGH FACE I SIDE 

RCUGH FACE HUB 

Unlock, back and index turret 

Adv turret and set headsiock 

CHAMFER INSIDE FLANGE 

Adv headstock 

CHAMFER HUB 

Back turret and index 

Set headsfock 

Stop machine 

I oosen and remove 2 pieces 


Aver 
depth 
of cut 

Speed 


ni 


uoni 


S 


70 

7/ 

0/4'* 

.12 

to 

03 

06 

M 

07 


60 

7/ 

014*' 

12 

M 

07 

OB 

'fi 

70 

70 

7/ 

7/ 

014" 

014” 

06 

M 

07 

09 

10 
06 
10 
07 
12 
.03 
10 


70 

ZO 

Hand 

Hand 

Hand 

Hand 


Total handling hme for 2 pieces 


»/47 


3 Cufltng Time 

Drill - Add ^/q' to finished dimension 
Rough 00- Usez^A of finished dimension 
Rough Face - Add ve" to finished dimension 
Rough Hub - Add */Q'‘ to finished dimension 


Flo F'* — Time-settinir table 


the time that the machine is actually doing work on the piece, 
such as turning, boring, drilling, and the like. The machine 
time is indicated on the time-setting tables and on the instruction 
cards by capital letters, the first machine element being ROUGH 
O.D. If speeds and feeds of the machihe and the length 
of the tool travel are known, it is an easy matter to calculate 
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iNBTHtTCnON SHEET — GlEABON WoBKS 


Rut Nmoc Spur gear Caae D . 

Operation Name Drill, rough one aide and of outmde diameter 


Customer Gleaaon 
Part No. 1073 A-F 
Operation No. 5 TR. 


Dqit. 11 Machine class, 58 Machine name, Jones & Lamson 

^ O’ W. Approved by D. V. Date 7-9-25 Mat! SAE 2315 


Tool layout 



Set-up Time: 
New set-up: 60.00 
Change of siae 30.00 


No. 


1 

2 

3 

4 

5 

6 

7 


9 

10 
11 


12 

13 

14 

15 

16 
17 
IS 

19 

20 
21 
22 


Procedure 

Tools— jigs, etc. 

Speed 

Feed 

Base 

time 

Set- 

ting 

Ft./ 

min. 

Set- 

ting 

In./ 

rev. 

Rck up and chuck 2 pieoes 







0.12 

0.10 
0 03 
0.06 

t.st 

0.07 

0.12 

0.S8 

0.07 

0.08 

0.08 

/.55 

0.07 

0.09 

0.10 

0.06 

0.10 

0.07 

0.12 

0.03 

0.10 

/.47 

4.SS 

Start nmchine and true up (if necee- 
sary) 






Chrai^ speed 







Adv. turret A throw in feed 

1 






ROUGH OUTSIDE DIAMETER 
(44) 

A. H X IH in. tools 


70 

71 

0.014 

•• 

Ba^ turret and index 

Advanced turret, set headstock, 
Uirow in feed dc change speed 







DRILL 

B. m s in. drills 


60 

71 

0.014 


Baok turrot and index 

1 

1 



Advanced headstock, change speed 
and throw in feed 



ROUGH FACE 1 SIDE 

C. 44 X m in. tools 

D. HX Hi in, tools 


70 

30 

71 

71 

0.014 

0.014 


ROUGH FACE HUB 

Unlodt, back ana index turret 

Advanced turret and set head stock . 



1 !! 




CHAMFER INSIDE FLANGE, . , 
>iead stock 

B. H X mm.F{irmtods 

, It 


70 

Hand 



CHAMFER HUB 

E. HX IH in. Form tools 


30 

Hand 





1 




















To 4^ handling time for two pieces 
Total machine time for two pieces 

Total base time for two pieoee. . 















e.oi 

S.Ol 

0.90 

S.Sl 








SMbud time in minutes per 















Fio. — Instniction sheet. 
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the time that the machine element will consume. The time- 
setting table gives the handling time; the machine time can be 
calculated; and the sum of these two will give the base time. 
To this base time allowances will be added for fatigue, personal 
needs, delays, etc., and the sum will be the standard time. 


Calculations for the Machine Time for Operation 6TR. 

Element 5 {see Fig, 84), ROUGH 0,D. ^4- 

The cutting time in minutes = ^ , . (j) 

R.p.m. of work X feed of tool 

The face of the blank is 1 in. when finished (from drawing. Fig. 
80). Because of the method of chucking, only three-fourths of 
the face can be turned in this operation. Since the forging is 
rough, it is found that the length of travel of the tool will be 
seven-eighths of the finished dimension (see note at the bottom 
of Fig. 84). Therefore, the length of cut will be seven-eighths 
of the face or Ji in. The table shows that the speed of the work 
in feet per minute should be 70 (see Fig. 84). This speed has 
been determined from many experiments and has been found 
to be correct. The speed of the work in revolutions per minute 
is proportional to the linear speed in feet per minute. Or: 


R.p.m. 


feet per m inute 
T X diameter of work in feet 
70 

3.14 X 0.642 (0.642 = 7.7 12) 


= 35. 


These above computations may be made very quickly by the use 
of a speed slide rule. Referring to the speed and feed chart in 
Fig. 83, the next lower speed at which it is possible to run the 
machine is 27 r.p.m., so this speed will be used. If the next 
higher speed were used, that of 39 r.p.m. in this case, it would 
probably be too fast and the tools might not stand up under 
it. The feed to be used is indicated in the time-setting table as 
0.014 in. per revolution of the work. Solving Eq. (1) for the 
cutting time: 

Cutting time = - 2.32 min. 

This means that the 'cutting time of 2.32 min. is required to turn 
three>fourths of the outmde diameter of the gear blank. 
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Element 8, DRILL . — Equation (1) for the cutting time may be 
used in calculating the drilling time. The cutting time will 
now be thd drilling time. Because of the V-shaped point of the 
drill and because of the rough nature of the surface of the forging, 
% in. is added to the finished dimension. The length of cut 
will be 1 in. + ^ in., which is 1.625 in. The revolution per 
minute of the work is determined as before, using 60 ft. per 
minute as the surface speed of the drill, and the diameter of the 
drill used is listed in the center column of the instruction sheet in 
Fig. 85 as iKe in- 

R.p.m. =» g ^ (1.1875 -5- 12) 3.14 X 0.099 

From the speed and feed chart of the machine (Fig. 83) the 
nearest speed is 202 r.p.m., which is only slightly higher, and 
this will be used. The feed of 0.014 will be used. Solving 
Eq. (1) for the cutting time: 

Cutting time (in this case drilling time) = ~ 

Z\j£i X U.U14 

0.58 min. 

At the above speed and feed it will require 0.58 min. to drill 
the 1%6-in. hole through the gear blank. It will be noted from 
Fig. 85 that the work turns and not the drills.^^ 

EUment 12, ROUGH FACE ONE SIDE. 

Element 13, ROUGH FACE HUB. 

These two operations are done together and it is necessary to 
calculate only the longer cut, which is element 12, rough face 
one side. This is apparent from the drawing. These dimen- 
sions are not shown on the drawing but they will be scaled. This 
gives the length of the cut as M jn-. but from the note on the 
time-setting table (Fig. 84), in. will be added to this dimension 
so that the actual length of cut to be made will be 0.625 in. The 
speed of the work is 70 ft. per minute, and this, as calculated 
befor^ gives 27 r.p.m. The speed as before is 0.014 in. per 
revolution. Solving Eq. (1) for the cutting time: 

Cutting time « 27 ~ ^^M4 “ 

EUment 16, CHAMFER INSIDE FLANGE; and 18, CHAMFER 
HUB . — These two elements are also machine times, but they 
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are of such a nature that standard time has been determined 
for them and is recorded on the time-setting table, along with 
the handling times. The total of the handling time 'along with 
these two small machine operations appears at the bottom of the 
time-setting table (Fig. 84) and is equal to 1.47 min. for two 
pieces. 


Element 6, ROUGH O.D. H 2.32 

Element 8, DRILL 58 

Element 12, ROUGH FACE ONE SIDE 1.66 

Total machine time 4.65 

Total handling time 1.47 

Total base time for two pieces 6.02 

Total base time for one piece *..... 3.01 3.01 

Allowance 10 per cent 30 

Standard time in minutes per piece 3.31 


The standard time for operation 5TR is 3.31 min. In a like 
manner, the standard time for the remaining operations could 
be found. With the aid of a slide rule and a speed rule it requires 
but a few minutes to make the calculations. 

The above charts and tables have been worked out at the 
Gleason Works, ^d their use over a period of several years has 
given satisfactory results. 

Charts and tables are now used in determining time standards 
for work of widely varying nature such as punch-press operations, 
drilhng, spiral bevel-gear cutting, gear bobbing, cutting cams 
for ^tomatic screw machines, thread milling, etc. 

Time Study and the Worker. 

The attitude of the time-study observer in dealing with the 
worker has an important bearing on the success of his work. 
It is essential that he secure the cooperation and friendship of 
both the employees and the supervisors. The time-study depart- 
ment should be directed in such a manner that the personnel of 
the entire plant will have confidence in its work. 

Time standards may be set accurately, but to be of value the 
worker must be taught to perform the operation in the time set. 
This requires tact, patience, and absolute honesty on the part 
of the tim^tudy observer. Once the employees learn that they 
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'^1 be dealt with in a fair and reasonable manner, the time-study 
observer will find his task much pleasanter and his work more 
satisfactory. 

In order to give an illustration of the worker^s reaction to 
the making of a time study, the following case is included: 

‘‘The accompanying chart (Fig. 86) illustrates the attitude of 
one worker toward time studies made with the view of setting 
tasks. Here the work was done by a girl and was purely a hand 
operation. 

“It consisted in gaging and straightening a slim drop-forged 
bar about 5 in. long. The bars had to be straight, and a hole 
in one end fitted accurately over a pin. The operator used a 



Fio. 86. — Chart showing the effect of time study on the worker’s output. 

special gage fastened to the bench and a pair of three-prong 
' pliers to bring the hole in the bar in line with the pin 4n the 
fixture. ^ 

“The girl took a handful of bars from a box on the floor and 
placed them beside the gage. She then straightened and gaged 
the work, putting the finished pieces on her bench. When a 
handful of bars was completed she transferred them to a tote 
pan. Prior to the study her production was uniform at about 
310 pieces per hour. She received 8 cts. per 100 pieces, so her 
earnings were 24.8 cts. per hour. 

“The time-study man arrived on the Job on Aug. 17 at 1 p.m. 
For that day her average production wks unchanged. The 
following day, under the guidance of the time-study man, her 
production rose to 400 pieces per hour and the next day to 460 
pieces. She was helped to attain the latter figure by the installa- 
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tion of a chute built from the bench to a large tote pan on the 
floor for the removal of the finished work. 

“The observer made a sketch of a hopper into which a full 
day’s work could be placed and which fed the bars down a chute 
to a convenient place in front of the fixture. He also ordered 
a new fixture made. On the following day he was absent, and 
production fell to 385 pieces per hour. The next day, under the 
coaching of the observer and the receipt of a proper fixture, her 
production rose to 515 pieces per hour. Then, being alone on 
the job and apparently frightened by her big production, she 
fell off to 430 pieces per hour. On this last day, however, work- 
men were setting up the new hopper and chute and probably 
interfered with her to some extent. The afternoon of the follow- 
ing day a time study was made of the operation, and production 
fell to 350 pieces per hour, being only slightly over her old average. 

“During the next 3 days the observer figured up the task. It 
was set at 560 pieces per hour, and a bonus of 25 per cent was 
approved for its accomplishment. 

“On Aug. 30, under the coaching of the observer, the task 
was put into effect, and the girl, anxious to accomplish it, worked 
hard all day, turning in an average of 660 pieces per hour. For 
the next 2 days she averaged 700 and 730 pieces per hour. Then 
as the strain of the new incentive wore off, she settled down to an 
average production of 610 pieces per hour. This average was 
consistently maintained and represents a good day’s work that 
kept her interested and happy and produced no excessive fatigue. 
For accomplishing the task her wage was 31J4 cts. per hour and 
for her average production of 610 pieces per hour she received • 
34 cts. per hour. On her peak day she made 40.7. ’’* 

‘ Underwood, Charles N., Good Work Habits, Factory and Ind. Man- 
aqmmt, vol. 78, No. 6, p. 1335, December, 1929. 



CHAPTER VIII 


TIME AND MOTION STUDY. THE MOTION -PICTURE 
CAMERA AND MICROMOTION STUDY 

Motion study does not necessarily require the use of a motion- 
picture camera, but for many kinds of work this equipment is 
almost indispensable. Motion pictures not only aid in finding 
the best method of doing the work but they also show the 
elemental time intervals for each of the operations studied regard- 
less of the length of the element. 

Fundamental Motions. 

A complete analysis of the motions of an operator or a machine 
is made possible through the use of the motion-picture camera. 
The entire operation can be recorded permanently on the film 
and by the use of a projector it can be reproduced on the screen 
when desired. Furthermore, the motions can be examined in 
great detail on the film itself. It is often desirable to project a 
single frame or a few frames on the screen, as this makes it easier 
in many cases, to study the motions shown by the enlargements. 

Various attempts have been made to set up a system of funda- 
mental motions to be used as the basis for analyzing any operation 
or cycle of motions. The Gilbreth set of 17 elements is shown in 
Table XX, and the use of these elements will be explained later. 

Other users of the motion-picture technique for analyzing 
motions have concluded that all possible fundamental movements 
,can be divided into seven groups^ as follows: 

1. Observation^ which includes all fundamental movements 
denoting the imparting of a sensation. 

2. Oraspingf comprising the fundamental movements which 
establish junction or separation between a part of the body and 
an object. 

3. Mmemerds in space^ i.e., movements of a part of the body 
which are not directly connected with the object. 

"^Gattno, SiQKOB, Ihe Contributioii of the Cineina to Time Studies, 
tniemat* Sdue, Cinermdoffraphy, p. 896, July-August, 1980. 
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Table XX. — Gilbbbth Symbols and Colors for Simultanboub Motion 

Cycle Charts 


Name of symbol 

Mnemonic 
symbol for 
Therblig 

1 Explanation — suggested by 

Color 

Search 

<3> 

Eye turned as if searching 

Black 

Find 

<a> 

Eye straight as if fixed on object 

Gray, heavy 

Select 


Reaching for object 

Gray, light 

Grasp 

n , 

Hand open for grasping object 

Lake red 

Transport loaded 


A hand with something in it 

Green, heavy 

Position 

9 

Object being placed by band 

Blue, heavy 

Assemble 


Several things put together 

Violet, heavy 

Use 

U 

Word “use” 

Purple 

Dis-assemble 

it 

One part of an assembly removed 

Violet, light 

Inspect 

0 

Magnifying lens 

Burnt ochre 

i 

Pire-position for 
next cycle 

0 

A nine*pin which is set up in a bowl> 
ing a^ey 

Sky-blue, light 

Release load 

✓On 

Dropping content out of band 

Carmine red 

Transport empty 


Empty band 

Green olive or 
light 

R4Mt for overcozor 
ing fatigue 


Man seated as if resting 

Orange 

Unavoidable delay 


Man bumping his nose, unint«ntion> 

ail/ 

Yellow oohre 

Avoidable delay 

1—0 

Man lying down on job voluntarily 

Lemon y^ow 

Ban 


Man Mtb his fingsors at hk brow, 

thmWing 

Brown 


CtuiiAt9fL.M.0»na. 
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4. Displacement, movements of the body in direct connection 
with the movement of an object or which result in such movement. 

5. Rest, signif 3 ring the absence of any movement relating to 
the work. 

6. Change of position, which groups together all movements 
which determine a fresh position of the body. 

7. Handling of tools, i.e., movements necessary to the manipu- 
lation of tools or the handling of machine tools. 

Classification of Motions. 

In the micromotion study work at the General Electric 
Company, R. M. Blakelock divides all hand motions into five 
general classes: 

1. Finger motions. 

2. Motions involving fingers and wrist. 

3. Motions involving fingers, wrist, and forearm. 

4. Motions involving fingers, wrist, forearm, and upper arm. 

6. Motions involving fingers, wrist, forearm, upper arm, and 

shoulder. (This class necessitates disturbance of posture.) 

These general classifications are given in progressive order, 
the first class requiring the least time and effort. It is funda- 
mental, therefore, that motions should be confined to the lowest 
classification with which it is possible to perform the work 
properly. 

Motion Study and the Work Place. 

‘‘Proper placing of materials and tools at the work place 
is highly important, and the rules governing this factor give the 
analyst a definite approach to the problem of setting up the work 
place. Considering the horizontal plane, there is a definite area 
within which materials and tools should be placed so that they 
may be handled and the work performed with a normal expendi- 
ture of energy. The area for the right hand will be indicated by 
an arc drawn with the right arm fuUy extended in front, making 
one sweep across the table, pivoting frpm the shoulder. The area 
for the left hand is likewise indicated by extending the left arm 
forward and pivoting from the left shoulder. These two areas 
are termed the maximum working area, beyond which it is 
possible to use only fifth-class motions — the least desirable 
classification. These are again divided into two areas termed 
normal working areas which are indicated by arcs drawn in the 
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same manner, but with only the forearms extended, the uppe, 
arm being more or less relaxed and the elbow close to the body 
until the end of the movement is approached, when the elbow 
follows the natural inclination to swing away. It is desirable, 
therefore, to locate materials and tools within the normal working 
area, and with respect to the lowest classification of motions 
permitted by the character of the work. 

Figure 87 shows an example of motion study applied to small 
assembly work. Duplicate trays for holding suppUes of the 
materials are provided on either side of the operator to allow a 


\ r- 














Fig, 87. — Work place for the assembly of small parts. 


proper distribution of motion between rigbt and left hand. The 
trays are inclined at an angle of about 25 deg. to allow the parts 
to slip forward as they are used from the front portion of the 
trays. In this arrangement, all the parts used are located within 
the maximum working area. The operator may reach any part 
of this working area without disturbance of posture. Forty-four 
parts are included in this assembly, twenty of which are screws, 
eadi screw requiring a plain washer and a lock washer. The 
screws are driven by a foot-operated power screw driver.”* 


Use of the Motion-picture Camera. 

There are two methods of indicating time on the motion^ 
picture film. First, by the use of a rapidly moving clock (callea 
* Bi.aX!BU>ck, R. M., Micromotion Study Applied to the Manufacture of 
Sfanall Parts, Paetory cmd Ittd. Managemeta, vol. 80, No. 4, p. 73^ October, 
1980. 
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microchronometer) placed in the range of the camera while the 
pictures are being made. This method was developed and used 
*by F. B. Gilbreth. The advance in the position of the clock 
hand from one frame to the next shows the time interval; time 
elements may be read to 1/2,000 min. The ordinary hand- 
cranked 35-mm. motion-picture camera or the spring-driven 
16-mm. amateur camera may be used. The Gilbreth method 
of micromotion study is illustrated by the following example:* 
Motion study is a method of analyzing work in order to elimi- 
nate needless, ill-directed, and ineffective effort, and the resulting 
unnecessary fatigue, and to utilize the necessary effort in the 
most economical way. It benefits the worker by placing the 
best-adapted worker on the job, by eliminating fatigue, and by 
increasing earnings; it benefits the employer by increasing pro- 
duction and decreasing unit costs; and it benefits the community 
by providing lower-priced commodities, greater purchasing 
power, and better-adapted and better-satisfied members of 
society. 

Method and Technique of Motion Study. 

“ 'Motion study consists of dividing work into the most funda- 
mental elements possible; studying these elements separately 
and in relation to one another; and from these studied elements, 
when timed, building methods of least waste. ‘The variables 
which must be studied in analyzing any motion, group themselves 
naturally into the following divisions: (1) variables of the worker; 
(2) variables of the surroundings, equipment, and tools; (3) 
variables of the motion.^® ‘ The accurate measurements involved 
in getting the best results include three elements. We must 
determine first the. units to be measured; second, the methods to 
be used; and, third, the devices to be used.^^ These devices 
should be as refined as necessary to get the best results, consider- 
ing also how much time and money may be justified by the 
expected results. 

^ Libs, B. Eugbnia, and Marie P. Sealy, Motion-study Principles and 
Their Application in a Department Store, Tram. A.S.M.E.^ vol. 60, No. 29, 
Man-60-17A, p. 21, Sept.-Dee., 1928, reproduced by permission of the 
authors. 

^ Gilbreyh, P. B. and L. M., ^^Applied Motion Study,'* p. 48. 

* /hwf., pp. 6 and 7, 
p. 44. 
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The method employed by motion study includes, first, record- 
ing present conditions and practice. Under 'conditions,^ the 
survey includes the surroundings of the worker, such as the' 
lighting, ventilation, dust, temperature, humidity, odors, noise, 
etc. The work place and its relation to the worker are also 
studied, that is, the equipment used, such as desk or bench, 
chairs, etc., and also the tools and devices used. The work done 
is recorded in detail. For this purpose the process chart is 
used, and, in some cases, micromotion study. Both of these 
devices and their uses are discussed later in detail. 



Fig. 88. — Layout of tube room. 

All Other data relating to the job such as flow of work, peaks in 
business, records of past production, cost records, etc., are also 
gathered, as well as data concerning the worker, including the 
physical, psychological, and psychiatric factors influencing his 
work on the job. Information on age, sex, schooling, physical 
conditions, and personality traits and ratings on intelligence and 
psychological tests are included in the worker^s record. 

Other Steps of Method. 

''After present conditions and practice have been recorded, the 
next step is to analyze the data, considering such points as the 
following: 

1. Is the work necessary? Does it contain any unnecessary elements, 
operations, or Hherbligs?^^ 

a. Can these be eliminated entirely because they are useless? 

b. Can they be eliminated by combination, substitution, etc.? 

2. a. Can the necessary work be done with less expenditure of effort? 

b. Is the arrangement of work, materials, and tools within the normal 
grasp area? 

* Gilbzeth divided all oparations into 17 elements of a cycle of motions 
which he called '^therbltos^’ (s©® Table XX}. 
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c. Is the routing and scheduling most direct, providing continuous 
work, etc.? 

d. Can improvements which will reduce fatigue be made in the sur- 
roundings of the worker? 

“Through the analysis of the data, possibility methods are 
developed, and finally the ideal solution is determined, including 
the best methods, the best conditions, and the best type of 
worker. However, the ideal solution may not be the one actu- 
ally installed, since limiting factors, such as the cost of new 
equipment compared with possible savings, may force deviations 
from the ideal. The solution decided upon, however, must be the 
best practical solution, considering all of the factors in the situa- 
tion. Developing the ideal solution is, however, desirable and 
essential even though it may not be installed in tolo. 

“After the conditions and methods are standardized, the task 
can be set and an incentive plan decided upon. Then the prob- 
lem of maintenance of the standard methods always arises, and 
for this purpose standing orders and instruction cards are used. 

Devices Used Depend upon Problem. 

“When the motion-study analyst is beginning an investigation, 
he decides how much and what elements of his technique he must 
use on the particular job. The character of the job decides this 
question. At times only a process chart will be necessary. 
On other more complicated jobs a micromotion study involving 
the use of motion pictures may be needed. 

Process Charts. 

“Process charts are used to record in a simple, compact form 
and to visualize the elements of a process in sequence and in rela- 
tion to the entire process. They record present practice for 
the purpose of studying and analyzing the present practice and 
also serve in visualizing possibility processes which improve the 
present practice by (1) changing the sequence of elements, 
(2) eliminatiiig elements, (3) combining elements, and (4) sub- 
stituting or changing elements. 

“As a record of standard practice, the process char{ serves as 
an authoritative and complete picture of the entire process. It 
ijgi pM*Ucularly useful as a teadbii^ device and as a means of 
maintenance. 
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the top of a process chart there is usually a plan of the 
work place, with the arrangement of equipment and tools. The 
chart itself is made up of a series of symbols, connected by lines, 
indicating the sequence of operations and also the relationship of 
those operations, such as alternatives of process, separation of 
units, and combination of units. Such a chart, prepared in 
connection with the case illustrated in this paper, will be found 
in condensed form in Fig. 89. The symbols indicate: 

1. What — that is, materials and supplies, operation inspection, movement, 
storage of materials and supplies. 

2. How — that is, word description next to symbol. 

3. Who — name of job or mnemonic job symbol. 

4. Where — ^work places, work rooms, etc. 

5. When — that is, sequence or if a definite time, in description next to 
symbol. 

The why element is obtained by the analyst in his study of 
the chart. 

Micromotion Study, 

^^The other particular device used by the motion-study analyst 
is the micromotion study. By this method, a motion picture 
is taken of the worker at his work place with a clock included 
in the picture. A record is thus made of the method used, the 
time taken, and all the surrounding conditions (except sound). 

“The data on the film may be studied at any convenient time 
and shown graphically on a simultaneous motion-cycle chart, 
known as a “simo’’ chart, a sample of which is illustrated in Fig, 
90. Such a chart indicates horizontally the parts of the body 
used and vertically the time consumed by each element of motion 
or therblig. The time is shown in units of 1/1000 min., which is 
possible because the clock included in the picture registers time 
in this small unit. As the data are taken from the film, the 
motibns are split up into therbligs. Each of the 17 therbligs is 
shown in an individual color, so that it is possible to see from the 
chart the exact therbligs used and the time consumed by each. 

“By comparing the therblig analyses-of all the methods used, 
the analjrst can easily compare the differences in the various 
methods and can evaluate each. He is then able to complete 
his analysis and synthesize the best arrangement of therbligs 
into the b^t method. 




Fxa. — Simiiltaneoufl niotioii^cycle ekart. 
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Value of Motion Study. 

‘^Analyzing work by means of the principles and technique 
described above has the following advantages: 

In the first place, this method considers every element 
influencing the work and thus effects improvements in every 
factor, that is, the surroundings, the equipment and tools, the 
method, the worker, and thus the time. 

^' 2 . Motions are recorded as well as time, and thus the data 
on time are of real value. 

“3. In addition, this is the only method by which it is possible 
to analyze adequately operations involving short cycles or very 
rapid movements, since the elements of this type of work cannot 
be studied so accurately by the stop-watch method. Analyzing 
this type of work is very important, as often enormous savings 
can be made both in unit cost and in fatigue by analyzing these 
short-cycle or rapid-movement operations. 

‘^4. These devices are also valuable in studying a group of 
workers. It is, indeed, the best method to record what each 
worker is doing simultaneously when a group works jointly on 
an operation. 

^^5. This method also has a decided advantage in recording 
the standard method as well as standard time. This is partic- 
ularly valuable in setting a task. 

^‘6. As a means of training the analyst himself, this method 
forces attention on all phases of a problem, develops a logical 
analysis of the job, and also develops keen observation in the 
elements of motion. 

“7. This method also permits recording times of fundamental 
motions or therbligs. This is important in building up standard 
times, when the elemental times are considered in relation to the 
variables. 

‘^8. As a means of training the worker, the micromotion pro- 
duces acquisition of skill in a minimum time: first, by training in 
motions and thus developing habits of correct motions from the 
start; and, second, by providing a visual record of what is to be 
done. 

Application of Motion Study in Retail Field. 

‘‘Turning to a definite field, we find that the principles of 
motion study can be applied in the retail or distributing field ae 
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well as in the factory. This has, indeed, been done by R. H. 
Macy & Co., Inc., a retail department store in New York City, 
in order to perfect methods and systems and to set tasks. 

“The technique, moreover, has been used on a large variety of 
jobs. It was used, for example, in analyzing conditions existing 
in the fur-storage department which receives coa^s from customers 
in the spring, stores them in cold vaults, and then delivers them 
to customers when wanted, usually in the fall. The entire work 
of the department is concentrated m a few weeks in the fall and 
spring. The fur-storage problem was largely one of determining 
the simplest, most direct, and most economical routing for the 
handling of the furs and the records involved; scheduling the 
work to take care of a tremendous peak, which lasts only a few 
weeks; providing the best methods for each job so that high 
production can be made on each job and, in addition, so that 
definite training can be given and the duties of each job learned 
in a minimum time, 

“The method has also been used in the furniture warehouse, 
in arranging stock in some of the selling departments, and in 
standardizing methods and setting tasks in correspondence, 
typing, and depositors^ accounts (banking) departments. To 
illustrate the principles of motion study, the details of the method 
as applied to the analysis of the problems existing in the central 
cashiers* department will be presented. 

“The study of the cashiers* department was undertaken in 
order to improve the service to customers and also to decrease 
the operating costs of the tube rooms by increasing the production 
of the workers. 

Description of Department and Work. 

“The tube rooms are the units of a centralized cashiering sys- 
tem to which the money received from the customer and two 
copies of the sales check are sent in carriers via pneumatic tubes. 
The carriers fall on a belt conveyor and are carried to the cashiers 
who sit at desks on either side of the belts. Figure 88 shows the 
arrangement of one of these tube rooms. 

“The cashier grasps the carrier from the belt, opens it, with- 
draws the money and sales cheek from the carrier, counts the 
tmmy and checte the arithmetic of the saiea check, stamps both 
copies of the sales cheek, retains one copy, but places the othar 
with the cha^ in the eaniar. She then .dispat^es the earite 
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by placing it into a tube from which it falls on to a lower belt 
conveyor which carries it to the switcher at the end of the belt. 

*'The switcher sends the carrier back to the department where 
it is given to the sales clerk. In the meantime, the merchandise 
checker, located in the department where the sale was made, 
has been wrapping the package, so that both the package and the 
change are now ready for the sales clerk to give to the customer. 

Conditions before the Study* 

“Before the study was made, a bonus plan had been in opera- 
tion in the tube rooms for several years. With this incentive, an 
increase in production had been obtained. Indeed, some of the 
cashiers had become \ ery skilled in methods which each one had 
developed for herself and had developed a high average produc- 
tion. The average production of most of the cashiers was quite 
low, however, and the time required for a new cashier to become 
skilled was from 3 to 4 months. This was a decided handicap 
at the time of the Christmas peak, because there was a possi- 
bility of giving very poor service to customers unless new cashiers 
were hired long before the peak actually arrived. 

Recording Present Conditions and Practice. 

“The first step in the study was to record present conditions 
and practice. A survey of the surrounding conditions included 
the lighting, ventilation, noise, and vibrations. 

“Desk lamps on each cashier ^s desk illuminated part of the 
working area of the desk as much as 50 ft.-candles (directly under 
the lamp), with variations down to 20 and 10 ft.-candles on 
different parts of the desk. Thfe general illumination of the room, 
however, ranged around 4 ft.-candles, with parts of the room, 
especially the end and the corners, in deep shadows. The con- 
trast between the brilliantly lighted spots on the desks and 
the meagerly lighted surroundings made the cashier adjust her 
eyes to the difference every time she raised or lowered them. 
This situation cofatributed to the fatigue of the cashiers. 

“The ventilation was good in all of the tube rooms except the 
one nearest the street. Here the dust from the street was so 
bad that it was out of the question to keep the windows open. 

“Nothing had been done to eliminate the noise caused by the 
Vibrations of the air drums of the tubes and the whirring of the 
motors moving the belts. The noise was deafening, so much so 
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that the ringing of the telephone, which was almost continuous, 
was scarcely heard. 

^^The vibration of the floor of one of the tube rooms presented a 
very annoying problem. This tube room is over the engine room, 
in which the steam pipes were hanging from the ceiling directly 
under the floor of the tube room. The result was a constant quiv- 
ering of the floor to which it was difficult to become accustomed. 

‘‘The general layout and routing of work in the tube rooms had 
been previously studied, and after restudying the situation, it was 
decided that the present layout was the most desirable one. 

Work-place Equipment. 

“The work place and the equipment, however, were also 
studied in detail. The layout of the desk was studied in con- 
nection with the motions involved in the transaction, as will be 
discussed later. The old desks were 38 in. high, a little too high 
for comfortable working when the cashier was standing, but the 
desks were made that height to accommodate the height of the 
top belt. High chairs were used also, but these were of the swivel 
type on which the seat and back rest tilted backward and on 
which a circular hoop about 10 in. from the floor served as a foot 
rest. The chair was so awkward that the cashiers sat only on the 
front edge, with no support for the back and in a very strained 
and fatiguing position. The equipment — the cashier^s stamp, the 
carriers, crayon pencil, etc. — was also studied. 

Record of Work Done. 

“The work done in handling a tube-room transaction was 
recorded by means of a process chart, a portion of which is shown 
in Fig. 89. The entire process was recorded from the point at 
which the sales clerk writes the sales check and receives the money 
from the customer, and the transaction is followed through the 
work done by the merchandise checker and sales clerk until the 
•change and package are handed to the customer. The com- 
plete process was thus charted in order to avoid the danger of 
later making changes in the casbier^s work which would interfere 
with the work preceding or following the cashier^s operations. 

*^The operations most directly relating to change making, that 
is, the operations of the cashiers, were studied more closely by 
means of the micromotion film* 
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“Motion pictures were taken of five cashiers. In order to 
determine which cashiers were to be filmed, the m(jtions of all 
cashiers were observed and the psychological factors influencing 
their work were considered, as well as their production over a 
period of 6 months. All of these factors were considered in 
deciding upon the cashiers to study, and therefore the cashiers 
studied were not necessarily those with the highest production 
or the speediest ipotions, unless at the same time their motions 
were obviously good or particularly interesting. 



Fio, 91.— Hourly number of transactions in “B” tube room, Saturday, Mar. 26, 

1927 . 

“The films were carefully analyzed both as to the motions used 
by the individual cashiers and also as to the relation of the work- 
place layout and the tools to the motions and variables of the 
cashiers. The cycles or complete transactions which showed 
differences in method, the use of fewer or more therbligs, the 
variables in the work, etc., were analyzed on simo charts. 
Twenty or more simo charts were made, one of which is shown 
in Hg. 90. Since different colors indicate the different therbligs, 
the different charts show clearly the variations in the therbligs 
Used and also in the length* of time spent on each therblig. 
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Other Data Relating to Work. 

Other data relating to the cashiers’ work included informs^- 
tion on the flow of business in the tube rooms. Figures 91, 92, 
and 93 show the peaks in the tube-room business. Statistical 
data on the cost of operations of the tube rooms were also studied. 
Time studies were made of the cashiers to find the average time 
required per transaction, and, from the customer’s point of 
view, studies were made on the selling floor of the time required 
to get change. These data were collected in order to have all 



Mcjockjy Woctnesd^ Thursctoy Friday Soturctoy 


Pig. 92. — Total number of transaetions in “B” tube room, Mar. 21 to 26, 1927. 

data bearing upon the situation which were essential for complete 
analysis, as well as records of the * ‘present” situation, so that 
comparisons could be made after changes had been determined 
upon and installed. 

Physical and Psychological Analysis. 

^^Each cashier was given a physical examination and various 
psychological intelligence and performance tests. A psychiatric 
analysis was also made, inclu^g personality traits, home con- 
ditions, schooling and training, age, etc., to discover the factors 
tending to affect the success of the cashier in this kind of work. 

Analysis of Present Practice and Improvements. 

*^A11 data on present conditions, methods, and workers were 
then analysed with the cooperation of the supervisors of the tube 
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rooms and the cashiers themselves, all of whom considered the 
findings and the suggested change. Possible changes in the 
tube-room methods were considered in relation to the effect on 
the elements of the operation preceding and following. 

'^For example, an analysis of the simo charts showed that 
from 27 to 34 per cent of the total time required to handle a 
transaction was required to write on and stamp the sales check. 
The cashier, as already explained, checked the extensions and 
additions of the sales check. After doing this she had to write 
the total amount of the sale on both copies of the sales check, 
the theory being that from a psychological point of view the 
cashier was forced to observe the amount of the sale carefully 
and also that, in cases of dispute with the selling floor or the audit 
as to the amount of change given, the cashier's notation on the 
sales check would prove hernnterpretation of the sales check. 
The question then arose: Even so, was this writing necessary? 
And if so, was it necessary to write the amount on both copies 
of the sales check? After investigation, it was decided to retain 
the writing on one copy of the sales check but to eliminate it 
from the other copy. 

^‘Analyzing the methods of writing, it was found that one 
cashier held her pencil throughout the transaction, whereas all 
the others dropped theirs after the writing in one cycle and picked 
it up again when ready to write in the next cycle. The simo 
charts showed that the cashier who held her pencil used fewer 
therbligs at this point and also that these therbligs which were 
eliminated helped her to perform this part of the transaction 
much more quickly than the other cashiers could. In fact, in 
some Cases the pencil dropped back into the bill tills and then 
a ^^search'^ therblig was necessary in addition to a longer trans- 
port empty " and transport loaded '' and to the '' grasp ” therblig. 
Experimenting with one cashier who had otherwise worked out 
excellent motions for herself, it was proved that after she had 
broken her habit of dropping the pencil and had established the 
new habit, her time for the operation was reduced, and that 
holding the pencil through the rest of the cycle did not prove a 
hindrance. 

*^Two particularly bad features were obvious in the layout of 
the desk. First, the box in which the cashier put the copy of 
mim check which she retained was at the upper left-hand corns 
of the desk. The cashier stamped both copies of the sales check 
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with the stamp, located on the lower right-hand corner of the 
desk, and then carried her copy of the sales check to the box, 
diagonally across the desk, the longest distance. It was desirable 
to keep the stamp on the right-hand side for ease in stamping 
with the right hand, but the sales-check box was relocated directly 
under the stamp so that one copy of the sales check is dropped 
into the box as it is withdrawn from the stamp. Eliminating 
this long ‘transport loaded'^ and “transport empty’^ in the 
cycle reduced fatigue. 



Fio. 93. — Weekly total transactions handled in basement tube room, Aug. 1, 
1926, to July 31, 1927. 

“Another improvement in the desk was the relocation of the 
dispatch tube which had been behind the desk at the side next 
to the belt, so that the cashier had to turn partly around to 
reach it easily. Also, the mouth of the tube was very little 
larger than the carrier so that the carrier had to be positioned 
very carefully when dispatching it. The dispatch tube was 
relocated in the center of the desk but toward the side toward the 
belt, and a bell hopper was placed at the opening so that the 
cashier could throw the carrier in with practically no positioning. 
Fig. 94 shows the layout of the old and new desks. 

“The new desks were made 36 in. high with a comfortable 
foot rest at the bottom, ^.nd a work chair with a doable saddle 
seat and adequate back support both for working and for resting 
was provided. With this equipment, the cashier eaidly alternates 
standing and sitting to reduce fatigue and the work place is 
equally convenient for both. 
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“A locking device was also adopted so that the cashier no 
longer has to pack up her money and take it to the office every 
time she leaves her desk. This device has reduced the ‘get- 
ready’ time'. 

“Improvements were also made in the surrounding conditions. 
The desk lights were removed, and greater general illumination 
was obtained by installing larger fixtures of the proper type at 
regular intervals, thus providing an even distribution of light with 



Pio. 94. — Comparison of old and new cashier’s desks. 


a minimum of shadows. An average uniform illumination of 
18 ft. -candles was provided. Noise was lessened by covering 
the drums and air tubes with felt padding and the walls with 
acousticon. Ventilation in one tube room was improved by 
installing screens, and the vibrations in the tube room directly 
over the engine room were reduced materially by supporting the 
lines from the floor of the engine room instead of from the ceiling 
under the tube room. 

“Rest pauses were also considered, and definite rest periods in 
the poming and afternoon were encouraged during busy periods. 





168 INDUSTRIAL ENGINEERING AND MANAGEMENT 


Separate rest rooms were established next to each tube room, 
so that cashiers could relax completely without traveling a long 
distance to and from the regular employees’ rest room. 

Other improvements were possible but were not installed 
because of certain limiting factors. 

Setting Task and Incentives. 

“Ordinarily, the next step in such a study as this would be to 
set the task. This is determined by the times obtained from the 
micromotion study, augmented by continuous-production studies 
made over a whole day, or representative parts of the day, to 
get complete inforrnation on rest pauses and delays. The task 
would then be set on the basis of these times and the flow of 
work, and an incentive plan would be developed. 

“In this case, however, a standard of production and a bonus 
plan had been in operation for years. Since rate cutting is not 
consistent with the company’s policy, it was decided not to change 
the task and the incentive plan, even though changed methods 
would make greater production possible with the same amount 
of effort. 

Selection and Training of Workers. 

“The establishment of the best method of doing this work 
made it possible for the psychological and psychiatric department 
to develop a definite technique for employing new persons who 
woxild make successful cashiers. Using the definite and complete 
analysis of the job with the degree of success of the individual 
cashiers as criteria, the conference office of the employment 
department has been able to work up standards^or age and school- 
ing and for physical, psychological, and psychiatric qualities. 

.“Job specifications have been worked up for interviewers 
which give a brief but graphic description of the job and its 
functions, and which also include the personnel qualifications 
worked up by the conference oflSice. For the applicant, there 
have been prepared descriptions of the job from the employee's 
point of view, the nature of the job, its relation to the rest of the 
store, the working conditions, the task-and-bonus plan, and the 
promotional opportunities. 

'^The department of training has also found it much more 
sal^aetory to use definite motions in training cashiers. The 
0<|ulj^ment the tube room has been duplicated in the class* 
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room — the same desks, chairs, etc. — although the belt used here 
does not move. . Real money has been substituted for theatrical 
money previously used in order to give definite training in han- 
dling coins and in mental arithmetic. From the first, the motions 
of the simo chart are used by the cashiers as the instruction card. 
Thus correct habits of motion are formed from the beginning. 

Results of Study. 

‘‘This study of cashiers’ work has benefited the customers, 
the store, and the employees. 

“The result from the customs’s point of view is that the service 
has been improved 26 per cent on the average. The present 
time required by the cashier is 17 per cent lower than the previous 
time of the best cashier and 40 per cent lower than the poorest 
of a selected group of good cashiers. 

“From the point of view of the store, the study has resulted in a 
reduction in operating expense. Previous to the time of the 
study the average production of the cashiers was falling off, 
but since the better methods were determined, the average pro- 
duction has increased. The table below compares average 
production in 1924, before these changes were made, with that 
in 1926. 


Cashiers 

1924 

1926 

Per cent increase 

1 

Pull time 

543 

682 

26.6 

Fart time 

362 

434 

19.9 


“The individual production of a cashier has increased. On the 
busiest day in 1924, the Saturday before Christmas, before the 
study, the best cashier had handled 2,220 transactions. In 
1925 the number had increased to 2,738. 

“Another important fact which has made the tube-room opera- 
tion less expensive since the study is that a shorter time is now 
required for the new cashiers to get up to standard production 
due to the improved selection and training methods, 

“To the cashier herself the new method has proved advan- 
tageous also. For example, higher bonuses have been earned: 
During the first December after the bonus was introduced, the 
total bonus earnings increased 88 per cent over the December of 
the year before, and 44 per cent more cashiers earned a bonus, 
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although the number of cashiers had not increased. The cashiers 



are now better adapted to their jobs. 
Moreover, they are interested in the 
amount of skill they can develop and 
consequently find their jobs much more 
satisfying. And, most important, much 
fatigue has been eliminated, so that the 
cashier is able to do more work without 
additional fatigue. This elimination of 
fatigue has resulted, as described above, 
from eliminating waste motions and by 
doing the necessary motions in the best 
way and also by improving the surround- 
ings and posture of the cashier. 

The Use of a Constant-speed Motion- 
picture Camera. 

A second method is that of using a 
constant-speed camera for making the 
motion pictures of the operation to be 
studied. The camera is an adaptation 
of the ordinary motion-picture camera 
using 16-mm. width film instead of the 
35-mm. width which is used by the pro- 
fessional camera. This 16-mm. camera 
is operated by a constant-speed electric 
motor which is geared to the camera in 
such a manner that exactly 1,000 frames 
are exposed per minute. Since the speed 
of the motor wrill for all practical pur- 
poses be constant the time interval from 
one frame to the next will be exactly 


(16 mm.-width film 1/1,000 min. Therefore the time of any 
H.) element or single motion can be deter- 

ture film made with a con- imned Simply by countmg the number of 
«tant-ipe^ camera. This frames, or, in other words, the length of 

atrip of film ahowa part of , i .it t .. . m m 

the “ataying’* operation in the film shows the length of time for the 

paper-bojc making. element OF motion (see Fig. 96). 


If eUmds of Ratiiig. 


Rating factor or levying factor^ as it is aometimes caUedt 
might be defined aa the factor used to indicate the i^ectti^ 
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speed of the operator, that is, the efficiency with which the partic- 
ular operator performs his work in comparison with a definite 
standard, this standard being the performance of an average 
operator working without incentive at a preconceived, ideal, 
standard maintainable speed. 

It is understood, of course, that the method of performing the 
operation is standardized before attempting to make the study. 

The rating factor is applied to the base time, which is found 


by means of the stop watch or 
motion-picture camera, in order 
to arrive at a standard time for 
the job. Since there is necessa- 
rily a considerable variation in 
the speed or effort of different 
operators, it is the rating factor 
which makes it possible to cor- 
rect for such speed variations 
and so determine a correct 
standard. 

It is possible to record stop- 
watch readings of an operation 
in hundredths of a minute and, 
by means of motion pictures, to 
thousandths of a minute; there- 
fore the base time for an opera- 
tion can be determined with a 
considerable degree of accuracy. 



Fig. 96. — Three common systems 
of units used for rating speed (skill and 
effort) of an operator. 


There are three different methods of rating in use today that are 


of sufficient importance to warrant our attention, here. The first 
two are fairly well known, while the third is a recent development. 


Speed and Effort Rating. 

Simple speed and effort rating is the oldest and most common. 
The time-study observer makes the stop-watch time study in the 
usual manner, and during the study he rates the operator for 
speed and effort. That is, he compares the operator being studied 
with an ideal “average man” which he has in mind and uses a 
percentage figure (other units as shown in Fig. 96 may be used) 
to show the comparison of the particular operator being timed 
to the ideal or imaginary average. There are three sets of units 
commonly used for this rating figure: (1) points per hour, (2) 
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descriptive terms, and (3) per cent. A direct comparison of 
these three is shown in Fig. 96. The descriptive-term^^ plan 
is less definite than either of the two other rating scales. This 
plan as well as the percentage’’ plan has wide differences as to 
the meaning of the ‘^average.” In the percentage plan some 
concerns consider 100 per cent as average, while others consider 
70 or 80 per cent as average with 100 per cent as the ideal. 

The point plan, however, almost universally recognizes 60 
as the standard or base, and it is referred to as a 60-point^ hour. 
The point system requires that the time-study observer rate 
the operator on speed and effort at the time the time study is 
being made. Suppose that the time-study observer finds the 
operator to be working at a 70-point hour and that the nature 
of the work requires that a 10 per cent allowance be made for 
rest and delay; then 70 plus 10 per cent of 70 gives a rating factor 
of 77, and the base time as found by the stop-watch time study 
would be corrected in the following manner: 

, rating factor (with rest and delay included) 

Base time X ^ ^ 


= base time X 


11 

60 


= base time X 1.28. 


If, for example, the base time of the operation is found to be 1.00 
min., then 1.00 X 1.28 gives a time standard of 1.28 min. This 
means that the operator will be allowed 1.28 min. per piece 
to perform the operation and the person who is able to do the 
work in less than this time will be exerting more than the stand- 
ard amount of effort and therefore will do more than 60 points of 
work in 1 hr. In fact, if the particular operator who Vas time 
studied maintaijis his speed throughout the day, he will have 
an average point hour of 70, instead of 60 which is considered 
standard. 


The Westinghouse Leveling Method. 

A second method of rating, commonly called leveling, differs 
from the first method already described in that consideration is 
given to the rating of more than the one element, effort. ^ Under 
the previously described method, the assumption is made that 
the tools, fixtures, methods, materials, and working eonditions 
are standardised before a time standard is made. Since this may 
not be true, factors can be introduced to correct for the variation 

* Ibr definition of ft point see p 220. 
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from standard. The method now used by the Westinghouse 
Electric and Manufacturing Company, as explained by S. M. 
Lowry, makes use of factors for rating (1) skill, (2) effort, (3) 
conditions, and (4) consistency. Table XXI is a performance rat- 
ing summary^ which gives numerical values for different degrees 
of each of the four factors named above. 


Table XXI. — Performance Rating Table 


Skill 

Effort 

+0.15 

+0.13 

A1 

A2 

Superskill 

+0 13 
+0 12 

A1 
‘ A2 

Killing 

+0.11 

+0.08 

B1 

B2 

Excellent 

+0.10 
+0 08 

B1 

B2 

Excellent 

+0 06 
+0 03 

Cl 

C2 

Good 

+0.05 
+0 02 

Cl 

C2 

Good 

0.00 ' 

D 

Average 

0.00 

D 

Average 

-0.05 

-0.10 

El 

E2 

Fair 

-0.04 

-0.08 

El 

E2 

Fair 

-0.16 

-0.22 

FI 

F2 

Poor 

—0.12 

-0.17 

FI 

F2 

Poor 

Conditions 

Consistency 


+0.05 

A 

' Ideal 

+0.04 

A 

Perfect 



Excellent 

+0.03 

B 1 

Excellent 



Good 

+0.01 

C 

Good 


D 

Average 

0.00 

D 

Average 

EqIq 

E 

Fair 

-0.02 

E 

Fair 

-0.07 

F 

Boor 



Poor 


1 Reproduced by permission of the authors d.nd publishers, from Stewart 
M. Lowry, Harold B, Maynard, and G. J. Stegemerten, “Time and Mption 
Study, “ p. 109, McGraw-Hill Book Company, Inc, 
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If the time-study observer finds that at the time of making 
a time study, the performance rating of the operator is as follows: 


Excellent skill B2 -fO.08 

Ciood effort Cl +0.06 

Average conditions D 0.00 

Good consistency C +0.01 

Total sum to be added to 1.00.... +0.14 


Leveling factor = 1.00 +0.14 = 1.14 

then the base time will be multiplied by the leveling factor, 
which in this case is 1.14, and the product will be the standard 
time for the job. 

Motion-picture Method of Rating. 

When motion, pictures are made of an operation by the use 
M a constant-speed motion-picture camera it is possible to project 
this film at exactly the same speed at which the pictures were 
taken and thus show on the screen an exact reproduction of the 
operation as often as desired. If the projector is fitted with a 
speed indicator to show film speed in frames per minute, and if 
the projector has a variable-speed motor, then it is not only 
possible to reproduce the exact speed of the operator, but it 
is also possible to run the film at slower or faster speeds and so 
give the effect of having ^^slower’^ and ^^faster^’ operators per- 
form the work. 

The customary method is to run the entire roll of film of the 
operation through the projector, selecting one cycle which con- 
tains no apparent lost time or delays. The strip of film contain- 
ing this one cycle of motions is cut out of the reel and the ends 
spliced together to form a loop. After this is done the loop is 
then placed in the projector and it can be projected on the'^screen 
for an indefinite period of time. 

By the two methods of rating previously explained, it was 
necessary for the time-study observer to do the rating at the 
same time that the time study was made, that is, out in the 
factory; and, in addition to rating the operator, it was also 
necessary for him to read the stop watch, record the data, and 
note delays, lost time, etc. With the use of the motion-picture 
method the observer or camera man has more time to determine 
the speed at which the operator is working, and, further, after 
the fflm is developed and is ready for projection, the observer 
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can project the film at various speeds and then, from the picture 
on the screen, rate the operator. This makes it possible to have 
10 or 12 ratings and corresponding projector speeds appear on the 
data sheet as shown on Table XXII. After this information 
is obtained then the data can be plotted on coordinate paper as 
shown in Fig. 97. A straight line (curve ABC) can be drawn 
which will pass through the origin and the average position of the 
plotted points. The speed rating corresponding to the film speed 
of 1,000 frames per minute can then be located on the curve sheet 
(point B)j which will give the rating of the operation for the job. 

Table XXII. — Rating Data 

Operator, T. J. Watson, 235,789. 

Observer, William K. Mason. 

Dept. 23, studied June 17, 1929. 

Part 435, switch lever. 

Operation 12DR, drill 3^»in. hole. 


Film speed. 

Speed rating. 

frames per minute 

points 

1,100 

70 

850 

60 

1,250 

80 

900 

55 

1,350 

90 

800 

60 

1,150 

76 

600 

40 

1,060 

66 

1,300 

86 


This average of several ratings will undoubtedly be more accurate 
than one estimated rating made at the time the study was taken. 

Since the loop of film can be projected at various speeds, it 
is possible to use it to train the new time-study men and also 
to check the rating of all the men in the department from time to 
time. Most time-study men will agree that it is a very^ifiicult 
task^to have all members of a time-study department keep the 
same ^‘mental picture” of the ‘^average operator” in mind at 
all times and to rate all operations against this average operator 
as the measuring stick. It is here that the motion picture can 
be of further service in rating, for once the rating is set for the 
operation as recorded by the film at 1,000 frames per minute, 
then pictures showing operations at this speed can be thrown on 
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the screen at any time and for the benefit of any or all time-study 
observers. 

The Eastman Kodak Company has carried on some very valu- 
able research and investigations on the use of motion-picture 
equipment for time-study work, the motion-picture method of 
rating as explained above being one of their developments. 



Fig. 97. — Hating chart. 

This company has successfully used motion-picture methods 
for compiling standard time data of operations and fundamental 
elements so short in duration as to make stop-watch methods 
impossible. 

Medline Allowances. 

It is eiqiected that machines and equipment wiE be properly 
niiaintained and kept in good repair. \^en there is a bretdcdown 
or when repairs are necessary, the operator will be tdcen oft 
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the job and of course no allowances for delays of this nature 
would have a place in a time standard. 

There are, however, small delays or minor adjustments 
peculiar to the different types of machines and equipment that 
are too small to consider individually, yet in the course of a day 
or week these accumulate to an appreciable amount. Such 
machine delays are unforeseen and do not occur at periodic 
intervals and should be provided for by a machine delay allow- 
ance. This allowance is usually expressed in the form of a per- 
centage of the base time — ^sometimes as a percentage of only the 
machine elements in the base time.^ 

There is no constant that can be safely used for machine delay 
allowances in all kinds of work. Some concerns run time studies 
for extended periods — in some cases as long as a week — in which 
a record is made of all delays on particular classes of machines. 
In this manner percentages for machine delays can be found that 
will approach some measure of accuracy at least. This seems to 
be the most satisfactory method of solving the problem, and it is 
far more accurate than arbitrarily setting a percentage to cover 
machine delays for all kinds of work in a department or a plant. 

Personal Allowance. 

Allowance for the personal needs of the employee is expressed 
in the form of a fixed percentage of the base time. This figure 
varies from 2 to 5 per cent, 3 per cent perhaps being the most 
common figure used. 

Fatigue Allowance. 

Fatigue is caused to a large extent by the strenuousness of the 
work and also by the closeness of attention required on the part 
of the operator. By strenuousness of the work is meant the 
physical effort involved. Heavy lifting, rapid hand motions 
whqre loads are involved, strained or unnatural body position 
while working all go to produce fatigue. Some kinds of work 
reqyuire little or no physical effort but may produce fatigue on the 
part of the worker. For example, an operator who sits all day 
inspecting small polished steel parts for defects in finish, cracks, 
scratches, discolorations, etc,, is exerting very little muscular 
effort, but such work requires 100 per cent attention. It is 
evident that an allowance must be made for fatigue in this kind 

1 Mjsbbxoc, Dwight V., ‘‘Time Studies for Rate Setting/' p. 17. 
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of work as in work where physical effort of a different kind is 
involved to a much greater degree. 

The time standard should include fatigue allowances which 
will properly provide for the fatigue produced by the particular 
operation. This allowance is commonly applied as a percentage 
to be added to the base time. 


Table XXIII - 
Type of job 

. ... / small parts .. . 

( large parts 

Automatic screw machine. . 


-Job Classification^ 


Drill press < ; 


Burring 

Boring 

medium and light work . 
’ \ large work 

Filing and burring | 

Grinding: surface grinder 

L AT j / small 
I hand feed 


Lathe work 


Milling 


semiautomatic < 


\ large 

f small. 


\ large. 


Snagging { 


Punch press 

^ f small 
* \ large 
Spray lacquer . . . 

Sand blast 

Shape 

/ small. 


hand feed 

automatic feed, 
blanking. . . 
roll feed . . , 


Tapping 


\ large. 


> Only a part of the job classifioation is reproduced in Table XXIII. 


Class 
. A 
. C 
. A 
. B 
. C 
. B 
. C 
. B 
. D 
. B 
. B 
. C 
. B 
. C 

. c 

. B 
. C 
. B 
. B 
. D 
. B 
. C 
. B 
. B 
. C 


Table XXIV. — Fatigue Allowances, Per Cent 


Class of work 

Cycle time, seconds 

0 to 3 

3to6 

6 to 12 

12 to 24 

24 to 48 

48 on 

A 

7 

6 

6 

6 

6 

6 

B 

9 

8 

8 

7 

6 

6 

c 

11 

10 

9 

8 

7 

0 

D 

14 

12 

11 

10 

® i 

■7 
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The following example shows how one manufacturing concern 
determines the fatigue and personal allowances to be made. 
The personal allowance is fixed at 4 per cent for all operations in 
the factory. The personal allowance is combined with the 
fatigue allowtoce in order to simplify the work needed in applying 
the allowances to the base time. 

Procedure . — The class of work is determined by comparing the job in 
question with Table XXIII. The classification, having been determined, 
the per cent to be added to the cycle time is taken from Table XXIV. 

Derivation . — The classifications of Table XXIV are based on the recogni- 
tion of moderate or extreme cases of one of the following conditions, or a 
combination of them : 

1. Strenuousness. 

2. Closeness of attention necessary. 

3. Unnaturalness of body position. 

4. Health requirements (leaving tu escape fumes). 

5. Work requirements (small delays insufficient to time). 



Fig. 98. — Fatigue and personal allowances. 


CJme A is composed of operations which do not involve any of the above 
conditions. 

B operations have one of the conditions to a moderate degree. 

Class C operations have one of the conditions to an extreme degree, or a 
combination of two or more to a moderate degree. 

Clasi D operations have two conditions or more of extreme degree, or 
one, plus one or more, in moderate degree. 

Table XXIV is based on the curves of the chart shown in Fig. 98 the curves 
for which are represented by a formula derived in accordance with the 
following assumptions: 
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a. The fatigue allowance should contain a fixed figure for personal 
requirements (4 per cent), which does not vary with cycle time or 
class of work. 

h. The allowance for fatigue varies as an inverse function of the square 
root of the cycle time. 

c. The allowance shall be 15 per cent for the shortest cyoJe in the hardest 
class and 7 per cent for the shortest cycle in the easiest class. 

d. There shall be four curves for four classes of work, said curves to be so 
spaced that the range mentioned in c shall be divided equally. 

In order to comply with these requirements, the formula takes the form: 

VT 4-0.1 

where 

P — The allowance expressed as a percentage, 

T = Cycle time in minutes. 

K =0.95 for class A . 

1.79 for class B. 

2.64 for class C. 

3.48 for class D 



CHAPTER IX 


WAGES. GENERAL PRINCIPLES 

There are three groups concerned in the operation of any 
industrial enterprise, namely, the workers who operate the 
machines and produce the finished product; the owners and 
managers who supply the capital and direct the business opera- 
tions; and also the general public who consume the manufactured 
products. 

In order to reduce the cost of production, which in turn makes 
possible a decrease in the selling price of the product, manu- 
facturers in past years have studied the design of the product, 
approaching the problem from all angles. I'hey have carefully 
selected and improved their equipment and processes of manu- 
facture to bring about better economy; and, furthermore, they 
have turned to the item of direct and indirect labor with the hope 
of making savings there. 

The manufacturer has found from experience that, in general, 
long working hours and low wages do not bring reduced unit 
labor costs. He knows that if he can persuade his employees 
to produce more, he can in turn pay them higher wages. 

Incentives. 

It is a basic human trait that increased effort is encouraged by 
rewarding in proportion to the effort expended. So, if the 
worker is paid on the basis of output, or work produced, there is 
a definite incentive for him to increase his effort. 

The use of the time wage provides for a fixed rate to be paid 
to the worker. This wage is usually paid in the form of a specific 
hourly rate without reference to the amount of work done. 
However, by exercising unusual effort, or by giving sufficient 
thought to his job, an employee may eventually earn a promotion 
and a higher wage. Or, he may have his hourly rate increased 
even though he continues to do the same kind of work. Basically, 
the time wage places no emphasis on output and makes no reward 
for unusual effort. The incentive form of wage, on the other 

181 



182 INDUSTRIAL ENGINEERING AND MANAGEMENT 


hand, places no emphasis on time but provides increased earnings 
for increased output. 

Managers have found that the incentive form of wage not only 
decreases their production costs but also increases the employee 
earnings. It is therefore evident that both the employer and the 
employee stand to gain by this arrangement. 

Incentives may be placed on (1) quantity, (2) quality, or (3) 
material saved. Any one, or any combination, of these three 
factors may be used as a basis for an incentive form of wage pay- 
ment. Ordinarily, incentives are placed on quantity of output. 

Effect of Wages on Overhead Costs. 

In general, it can be said that any wage-payment system 
that reduces the unit labor cost will also reduce the unit overhead 
cost. Since the employee who is working on incentive gets paid 
on a basis of the work which he does, it is seen that he earns more 
when he is producing a greater number of units per hour or per 
day. Therefore, the time used to perform* an operation on any 
one piece is reduced. That means that more work can be put 
through the machine or process in a given time, and the overhead 
cost of operating this machine will be prorated over a greater 
number of pieces and so the unit cost will be lower. 


Table XXV, — Effect of Increased Output on Workers’ Earninqs 
AND Unit Cost of Product 
Piece rate used 


Number of 
castings 
machined 
per hour 

Piece 

rate 

Earnings 
of worker 
per hour 

Material 
cost (S6 
per 100 
pieces) 

Machine 

hour 

rate^ 

Total 

manu- 

fact- 

uring 

cost 

Cost 

per 

cast- 

ing 

16 


0.30 


1.50 ' 

2.56' 

0.17 

20 


0.40 


1.60 i 

2.90 

0.145 

25 


0.60 

1.25 

1.60 

3.25 

0.130 

30 

($2 per 

0.60 

1.60 

1.50 

3.60 

0.120 

35 

100 

0.70 

1.76 

1.60 

3.95 

0,113 

40 

pieces) 

0.80 

2.00 

1.50 

4.30 

0.108 

45 


0.90 

2.26 

1.50 

4.65 

0.103 



1.00 

2,50 

1.50 

5.00 

0,100 

55 


1.10 

2.75 

1.60 

5.35 

0.095 


i OvoriiMMl tb« maoliine. This ineluclei jkower, Hi^ti beat, floor^pM* 

0t nuMhitie, taxM, irnmam* ftte. 
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The data in Table XXV show how the total unit cost decreases 
with the increased output under the piece-rate system of wage 
payment. The marked reduction in unit cost with the increas- 
ing output is brought about because of the relatively high machine 
hour rate in this particular case. 

Increase in the Use of Wage Incentives. 

There has been a steady increase in the use of incentive forms 
of wage payment in this country during the past 25 years, and 
at the present time perhaps half of all workers in the manufactur- 
ing industries are paid under this system. 

The National Industrial Conference Board recently made a 
survey of 1,214 plants tiinploying 777,376 workers, representing a 
little more than 9 per cent of all wage earners in manufacturing 
industries in this country. The following table shows the dis- 
tribution of workers by systems of wage payment: 

Table XXVI. — Distribution of Workers by Systems of Wage 
Payment, 1928^ 


System of wage payment 

Number 

Per cent 

Time wages 

367,454 

47.2 

Straight piece rates 

218,321 

28.2 

Other piece rates 

69,265 

8.9 

Special incentive systems 

122,336 

15.7 

Total 1 

777,376 

100.0 


^ National Industrial Conference Board. 


From the above table it is seen that 47.2 per cent of the workers 
were paid by time wages while 52.8 per cent were paid by some 
incentive form of wage payment. It is of interest to know the 
relation that the size of the industrial plant has to the type of 
wage system used. This is shown by the table on page 184. 

Id 1928 the National Metal Trades Association made a survey 
of the systems ^ of wage payment used in the 672 plants in their 
association. They found that 307, or 45.7 per cent, of the plants 
paid all employees on a straight time basis, while 365, or 54.3 
per cent, paid some or all employees on an incentive basis. In 

Methods of Wage Payment/' National Metal Trades Association, 
Committee on Industrial Relations, W. E. Odom, director. 
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Table XXVII. — Distribution of Employees in Plants by Size of 
Establishment and Systems of Wage Payment, 1928^ 


Number of employees in plant 





Using piece rate and other 





incentives 





Piece 


Number of employees 


Using 


rates in 

Other in- 


Total 

time 


combina- 

centive 



wages 

Piece 

tion 

systems 




rates 

with 

without 


1 



other 

piece 





in- 

rates 





centives 


1 to 150 

37,173 

16,627 

16,463 

1,792^ 

2,291 

151 to 360 

76,277 

17,061 

43,094 

8,373 

7,749 

351 to 750 

96,932 

16,444 

51,938 

18,074 

10,476 

751 to 1,500 

128,068 

5,306 

73,660 

30,477 

18,626 

161 to 1,500 

301 ,277 

38,810 

168,692 

56,924 

36,851 

1,501 to 3,500 

128,337 

4,595 

87,173 

25,511 

11,058 

3,501 and over 

310,589 

4,829 

141,420 

126,788 

37,552 

1,601 and over 

438,926 

9,424 

228,593 

152,299 

48,610 

Total 

777,376 

64,861 

413,748 

211,015 

87,762 


Percentage distribution 


1 to 150 

100.00 

44.73 

44.29 

4.82 

6.16 

151 to 350 

100.00 

22.37 

56.49 

10.98 

10.16 

351 to 750 

100.00 

16.96 

53.58 

18.65 

10.81 

751 to 1,500 

100.00 

4.14 

57.52 

23.80 

14.54 

161 to 1^500 

100.00 

12,88 

55.99 

18.90 

12.23 

1,501 to 3,500 

100.00 

3.58 

67.92 

19.80 

8,62 

3,501 and over 

100.00 

1.56 

45.63 

40.82 

12.09 

1,501 and over 

100.00 

2.15 

62.08 

34.70 

11.07 


Total 

100.00 

8.34 

53.22 

27.15 

11.29 



> ** Systems of Wage Payment, National Industrial Conference Board, 1930, p. 7. 
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the 365 shops using incentive plans covered by this survey, 
489 incentive plans of wag(^ payment are in use as follows: 

247 or 50 5 per cent, piece work. 

104 or 21,3 per cent, premium. 

53 or 10 8 pel cent, bonus. 

33 or 6.7 per cent, group plans. 

52 or 10.6 per cent, rniscellantKius. 

In 1927, the Sherman (Virporaiion made a survey of over 1,100 
companies employing over 500,000 workers, and they found 49 
per cent of the companies using incentive plans. This survey 
revealed the fact that 65 per cent of the plants manufacturing 
automotive products used the incentive form of wage payment. 

Major Requirements of a Good Incentive Wage Plan. 

There are certain essentials that incentive wage payment 
plans should have to insure their successful operation. It is 
impossible to make a complete list of requirements and expect 
them to fit all cases fully. In general, the following principles 
are essential : 

1. Guaranteed minimum wage. 

2. Proper incentive. 

3. Standards set by time study. 

4. Standards guaranteed against change. 

5. A system easy to understand and simple for the employee 
to figure earnings. 

6. A system that will facilitate time keeping and pay-roll 
computation. 

Guaranteed Minimum Wage. 

Under the time wage system the worker knows in advance what 
his earnings for the week or pay period will be. If he is paid, for 
example, 60 cts. per hour and he works 44 hr. per week, he is 
certain to receive $26.40 in his pay envelope. Under the straight 
piece-rate plan he receives a variable amount of wages depending 
upon the work that he does during the week. In order to protect 
him against very small weekly wages that might result because of 
low output for the week and possibly through no fault of his, 
it is desirable to guarantee a minimum wage to the worker. 
Then if his piece-rate earnings go above this gud^ranteed wage 
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he is paid on the piece-rate basis. Since the guaranteed wage 
is* somewhat lower than the average piece-rate earnings, it is 
evident that the worker will seldom permit his output to fall to 
the low level. 

There is a certain assurance that the guaranteed minimum 
wage gives to the worker that is very desirable and this point 
should be given consideration in any wage system. 

Proper Incentive. 

The promise of increased eaniings is not the only incentive 
that may be offered to a workman to persuade him to increase 
his output. The assurance of steady work, or the granting of 
extra vacation or holidays, while not identical with increased 
earnings, indirectly has this idea in the background. There 
are non-financial incentives that are in some cases very powerful. 
In a well-known machine-tool plant, definite time standards 
have been set on all work, and the workers^ efficiency is cal- 
culated daily on the basis of work done, against the time stand- 
ards. The efficiencies are posted on a bulletin board Igcated in a 
conspicuous place in the department. No direct financial rewards 
are made, since the workers are paid a flat hourly wage, yet there 
is a very noticeable incentive present. This is particularly true 
among the better workers, who compete among themselves to 
keep their efficiency rating near the top of the list. 

While some managers have tried to capitalize on so-called 
non-financial incentives, it is not safe to place too much reliance 
upon them. It is a much better plan to offer a definite monetary 
incentive and assure the worker in this way that he is getting 
in his pay envelope each week the wages that he has earned. 

Straight piece rate offers increased earnings to the worker 
in direct proportion to output, while a per cent Halsey plan, 
on the other hand, gives the worker only one-third of the earned 
output above the standard. Taylor made the following state- 
ment with regard to amount of incentive : 

‘^The writer has found, for example, after making many mis- 
takes above and below the proper mark, that to get the maximum 
output for ordinary shop work requiring neither especial brains, 
very close application skill, nor extra-hard work, such, for 
instance, as the more ordinary kinds of routine machine shop 
work, it is necessary to pay about 30 per cent more than the 
average. For ordinary day labor requiring little brains or 
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special skill but calling for strength, severe bodily exertion, and 
fatigue, it is necessary to pay from 50 to 60 per cent above the 
average. For work requiring especial skill or brains, coupled with 
close application, but without severe bodily exertion, such as the 
more difficult and delicate machinist's work, from 70 to 80 per 
cent beyond the average; and for work requiring skill, brains, 
close application, strength, and severe bodily exertion, such, for 
instance as that involved in operating a well-run steam hammer 
doing miscellaneous work, from 80 to 100 per cent beyond the 
average. 

There is considerable difference of opinion as to the proper 
incentive that should be paid to a worker on a given job. This 
is evident if one exanr ines t he many different wage-payment sys- 
tems now in use. Some managers think that there should be no 
sudden break in wages at any point in performance such as the 
Gantt, the Merrick, and the Taylor differential piece-rate plans 
use. Where abrupt changes in earnings are present, there is 
danger of misunderstandings on the part of the workers when 
they fail to reeeive the higher rate at the break point. 

Many manufacturers use the equivalent of a straight piece 
rate with carefully determined time standards as the basis for 
the incentive plan This gives an absolutely fair incentive to 
the employee and at the same time it insures against overpaying 
which might occur if the rates were set up in a haphazard manner. 

Standards Set by Time Study. 

When an incentive form of wage payment is used there must be 
some standard on which to base the incentive. Some task must 
be set as the standard day's work, and then a reward may be 
given to the worker for accomplishing the task. Even in the 
straight piece-rate plan some standard is needed in determining 
the rates. 

Standards are set from past records, from estimates made 
by the foremen or supei visor, from timing pace setters, or from 
time studies made of the workers themselves. The first three 
methods named are, in general, unreliable and inaccurate for 
setting direct labor time standards. In order to be highly 
satisfactory, wage incentives should be based on standards 
which have been set up by time-study methods. This, alone, 
insures a fair wage to the worker and a fair return in work done 

' Tatlob, F. W., ‘‘Shop Management,” p. 26. 
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to the employer. It removes the temptation for the employer 
to rates and does away with ^^easy” and ^^hard” jobs 

for the worker. Fair and uniform tasks are necessary in gaining 
the confidence of the employees. It is important that standard- 
ization of tools, materials, and methods be complete before time 
studies are made on the job. 

The task may be expressed either in the form of time (hours 
or minutes) or in the form of money (dollars or cents). For 
example, the standard time for drilling a hole in a bar 

of steel might be set as 2.00 min. per piece. Or, if a piece rate 
is used on this job and it is expected that the operator will earn 
$0.60 per hour, then the standard piece rate would be set as 
$0.02 per piece or $2.00 per hundred pieces. In the first case 
the standard is expressed in the form of time, and in the second 
case in the form of dollars. Piece rates are widely used and form 
a very simple method of calculating the pay roll, yet there is a 
considerable amount to be said in favor of using a time standard 
as the base. When it is desired to change the wage level, it 
becomes necessary either to raise or to lower the piece rate when 
that form of wage payment is used or to change the base rate 
if time standards are used. A factory may have 20 or 30 differ- 
ent base rates in use, while a similar plant using piece rates would 
have thousands of different rates in force. The time standards 
remain fixed and unchangeable as long as the operation is per- 
formed in the manner in which the operation was timed. This 
means that base rates are entirely independent and separate 
from time standards and that base rates may be changed without 
affecting time standards. 

Standards Guaranteed against Change. 

Once a time standard has been set, it should not be changed 
unless there is an important change in the method, tools, equip- 
ment, or conditions on the job. When a change in the time 
standard becomes necessary, the new standard should permit the 
worker to earn aa much as he earned under the old standard and 
at no increased expenditure of effort. 

Such a ^arantee to the worker makes the incentive real and 
insures that the worker will do his best to turn out a large day^s 
work without the fear that the time standard or the piece rate 
will be changed because he has earned ‘Hoo much.’' 
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The National Metal Trades Association asked its members 
to report^ the circumstances under which their rates or standards 
might be changed. The 243 companies reporting gave 567 
reasons for ’^changes. The frequency of mention is as follows: 

317, or 65.9 per cent, only in case of change in method, process, tool, or 
design, 

94, or 16.5 per cent, in case of flagrant error in establishing rates. 

66, or 9.8 per cent, revised upward only. 

36, or 6.3 per cent, with changes m general labor market. 

24, or 4.2 per cent, only at end of year. 

22, or 3.8 per cent, only l)v mutual agreement wdth employee. 

11, or 1.9 per cent, on evidence of undue fatigue. 

4, or 0.7 per cent, ‘‘when necessary.” 

3, or 0.6 per cent, when starting new crew. 

A System Easy to Understand and Simple for the Employee to 
Figure Earnings. 

It seems that it might be taken for granted that the system of 
wage payment should be simple enough for the worker to under- 
stand, yet there are some plans of wage payment so complicated 
that even a well-educated person would find it difficult to 
calculate his earnings. Every worker prefers to know what he 
earns each day. Many employees keep a record of the amount 
of work which they do and calculate their earnings and check the 
pay-roll department. The wage system should make this 
possible. This requires that the time standards or piece rates be 
clearly stated and that the method of wage payment be carefully 
explained to each employee. Piece rate is the simplest to under- 
stand of all the incentive plans, for it is necessary only for the 
worker to multiply the number of pieces by the rate in order to 
determine his earnings for the day. Any wage system that does 
not permit the worker to calculate his earnings for the day 
operates under a handicap. 

Since some of the workers do not care to check their output per 
day, it is desirable to post efficiency or output sheets in each 
department each morning, hsting each worker's production for 
the previous day. The form on page 225 shows a very satis- 
factory way in which to handle this matter. There is a psycho- 
logical advantage in having the output sheet posted each day. 

^ ^'Methods of Wage Payment,^' p. 16 , National Metal Trades Association, 
Committee on Industrial Relations* 
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Above all, it is necessary that the employee feel certain that 
his wages are accurately determined and that the whole matter 
is being handled in an open and fair manner. 

A System That Will Facilitate Time Keeping and Pay-roll 
Computation. 

A very important point in favor of the use of group incentive 
forms of wage payment is that they simplify the pay-roll calcula- 
tions. Any wage system that requires elaborate and minute 
time-card reports, intricate bonus or efficiency calculations, and 
complicated methods of cost distribution is certain to have a 
high administrative cost. 

It is entirely possibly that a system of wage payment might 
require considerable clerical work, such as the Bedaux system 
demands, and yet justify such expense because of the control 
features that are present in the system. This point is fully 
explained in another chapter. 

Group Incentive. 

Group incentive may be defined as an incentive applied to a 
group of employees working on related operations and affecting 
the combined output of these workers collectively. When the 
incentive relates to the performance of a separate individual 
it is called an individual incentive. 

The extended use of the production and assembly Unes, and 
the increasing interdependence of operations in industry within 
recent years, has led many manufacturers to adopt the group 
incentive in place of the individual incentive. It is claimed for 
the group incentive that it: 

1. Develops a spirit of cooperation and teamwork among the 
members of the group and reduces labor turnover. 

2. Induces the skilled workers to help the beginners and slower 
employees. 

3. Saves in clerical work and pay-roll calculations. The 

worker does not need to use job tickets, and the clerical work 
of checking elapsed time of operations is eliminated. It is uot 
necessary to make an individual count,” and time records are 
not necessary on separate operations. , 

4. Reduces work in process. This is true because the group 
ii^ paid only for the work that passes an ^‘inspection point.” 
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5. Promotes alertness on the part of the members of the 
group. The workers look for operations that are behind and 
help in every way possible to get the maximum production 
through the group. In many cases the workers virtually plan 
their work and supervise themselves. 

6. Reduces scrap and defective workmanship. 

7. Simplifies factory cost determination. 

R. F. Whisler, of the Nai’onal Cash Register Company, 
makes the following statements with regard to the uses and 
limitations of the group incentive. 

1. Where a number of people complete a part or job by a 
series of operations and in a progressive manner, generally with 
the aid of conveyors, group incentives are best. In some instances 
they are necessary. Assembly lines are good examples of this 
class of work. 

2. Where machines are operated on a multiple basis (more 
than one machine per operator) and there are several operators, 
group incentives are applicable. Automatic screw machines 
and power mills are examples of this class. 

3. Where work is performed by a number of people working 
collectively and the individuaFs output is not readily obtainable, 
group incentives are necessary. Labor gangs, material handlers, 
groups operating plating machines, woodworking machines, 
and stokers are examples. 

4. Where each operator completes his operation without 
aid of others and the work passes on to the other departments, 
individual piece work is best. Punch presses, dril] presses, 
subassembly departments are examples. 

5. general, we believe that the individual incentive is 
productive of more consistent results and satisfies a man's 
desire to ‘work for himself' with the result that the workmen are 
better satisfied."^ 

The above statements are of further interest when it is known 
that the National Cash Register Company has in active produc- 
tion over 44,600 different parts which involve 500,000 detailed 
operations. Some models of the cash re^sters have nearly 
12,000 parts. The company had for nearly 40 years used 
piece work m the main method of paying for direct labor. In 
1924 a group bonus system of incentive was tried out; after 3 

^ Whislbr, R. F., Uses and Limitations of Group Incentives, Focfor^ 
and Ind, |ifpno|^emen^, vol. 78, No. 1, p. 43, July, 1929. 
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years this system was modified, and at the present time the 
group incentive takes the form of group piece rate. 

An Application of Group Incentive. 

H. G. Perkins, industrial engineer for the Chrysler Motor 
Corporation, states that it has been the policy of his company 
for many years to use extra incentive methods of wage payment. 

‘^The individual piece-work method was first selected and 
placed in operation throughout our shops. The routine set 
up for securing a measure of the output of each employee was 
considered adequate at the time of installation, but a thorough 
investigation made some time later revealed the disturbing facts 
that piece-work counts were very inaccurate, that instances of 
fraudulent practices were too numerous to be ignored, and that 
the expense involved in checkers, shop clerks, and office employees 
was excessive. It was evident .that changes and improvements 
were necessary. The management desired a method that would 
produce the greatest quantity of quality product at reasonable 
cost, with a minimum of scrap and expense, and with an attrac- 
tive return to the workman. 

^^An exhaustive analysis of various methods was made and the 
practices of other concerns were studied, with the result that a 
decision was made to install a group method of payment to our 
so-called productive workers. 

^‘This method provides that workmen be grouped in logical 
units having a community interest, each member of the group 
receiving a guaranteed hourly rate regardless of the production 
secured and a bonus based on the relation between the actual 
production of the group and the standard performance. As a 
means of securing an accurate and fair measure of the relation 
between the standard and actual production, an amount of time 
is allowed for doing each unit of work. This time, which is 
set by the Time Study Department, is known as the standard 
time and represents the amount of time required by average 
good workmen to do the job consistently over an extended period 
of time. The actual time consumed by a group in doing a job 
is compared with the standard time to determine a per cent of 
efficiency, and this efficiency is the basis for the amount of bonus 
paid. The greater the production the higher Income the effi- 
^ency rating and the amount of bonus, 
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Observance of certain fundamental principles was recognized 
as being essential to success, and these have been religiously 
observed. 

These principles are: 

“1. Individuals can be grouped successfully only when they 
have a community interest in the result of their combined efforts. 

^^2. Individual interest in individual accomplishment must 
be retained, the success of the group being based on individual 
incentive and ambition. 

^^3. The group must receive all the directly increased wages 
accruing from increased production. 

^^4. The plan used must be sufficiently simple to be understood 
by the workmen, 

‘^5. There must be confidence in the management, induced 
by the square deal. 

'^6. The supervisory and operating personnel must believe 
in the group idea. 

The system should be installed by thoroughly competent 
specialists, who are familiar with the functions of the time, 
cost, inspection, planning, and shop departments. 

'^8. There must be a just distribution of group earnings to the 
individuals of the group. 

^^The last namc'd of these principles requires routine that is 
sufficiently flexible to operate successfully when recognition is 
given to the following variables: 

‘^1. Different degrees of skill and ability are required on 
different operations within the group. 

^*2. Different degrees of skill and ability will be found in 
different employees engaged on the same or parallel operations 
within the group. 

^^3. Veteran employees are entitled to more consideration 
than are newcomers.^^^ 

Presienting Group Bonus to the Employees. 

The following material is taken from a pamphlet written 
primarily for the employees. It explains clearly one of the very 
common forms of group bonus application: 

1 Perkins, H. G., Extra Incentive Wage Plan for Groups in the Chrysler 
Motor Corporation."’ A.M.A. Production Executives Ser., No. 16, 
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Groxjp Bonus Plan 

Nov. 10, 1927. 

^^Our company is adopting a group bonus plan of wage pay- 
ment, and we want our employees to help us and give us their 
sincere cooperation. 

Wherever it is possible, we wish to give our employees the 
opportunity of working under the group bonus plan. 

“Employees are formed into groups, each group having specific 
duties to perform. 

“Your earnings will increase in proportion to the efficiency of 
the group of which you are a member. 

“You will be guaranteed your base rate wherever group bonus 
is applied. 

“Wherever practicable, day work will be performed in the 
group and will be considered 100 per cent efficiency or your base 
rate plus 20 per cent bonus. 

“A standard time in which an operation should be performed 
is set for each operation — based on actual time study — and will 
represent 100 per cent efficiency. By referring to the bonus 
table, you will observe that 100 per cent efficiency pays 20 per 
cent bonus on your base rate. 

“At the end of each day, checkers will forward to the office 
group credit memorandums covering all of the parts that have 
passed a given point. 

“Quantities credited to the group are multiplied by standard 
time, to get total standard hours credited. 

“A record of actual time applied to each group by various 
employees is taken by timekeeper. 

“Efficiency is obtained by total actual hours divided into total 
standard hours. 

Example, 

Standard hours credited = 400 
Group actual hours worked = 360 
400 -f- 350 = 114,2 per cent. 

“Referring to bonus Table XXVIII, 114.2 per cent efficiency 
allows 36.8 per cent bonus. 

Workman’s base rate s* 40 cts. 

Actual hours worked = 105 

Therefore, 105 hr. X 40 cts. base rate ** $42 . 00 

36,8 per cent bonus ($42.00 X 36.8 percent) « 15,46 

Total base earnings plus bonus « $67 . 46 ^ 

pfUmings per hour on this basis ?« 55 
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Table XXVIll.— Bonos Table 


Per cent 


Per cent 


Per cent 


Efficiency 

Bonus 

Efficiency 

! 

Bonus 1 

1 

j Efficiency 

1 Bonus 

75 

1.0 

117 

1 

40.4 

159 

90.8 

76 

1.6 

118 

41.6 

160 

92.0 

77 

2.2 

119 

42.8 

161 

93.2 

78 

2.8 

120 

44.0 

162 

94.4 

79 

3.4 

121 

45.2 

163 

95.6 

80 

4.0 

122 

46.4 

164 

96.8 

81 

4.6 

123 

47.6 

105 

98.0 

82 

5.2 

124 

48.8 

100 

99.2 

83 

5.8 

125 

,50.0 

167 

100.4 

84 

6.4 

126 

51.2 

168 

101.6 

85 

7.0 

127 

.52,4 

169 

102.8 

86 

7.6 

128 

53.6 

170 

104.0 

87 

8.2 

129 

,54.8 

171 

105.2 

88 

8.8 

130 

56 0 

172 

106.4 

89 

9.4 

131 

,57.2 

173 

107.6 

90 

10.0 

132 

,58.4 

174 

108.8 

91 

,11.0 

1,33 

59 . 6 

175 

110.0 

92 

12.0 

134 , 

60.8 

176 

111.2 

93 

13.0 

135 1 

62.0 

177 

112.4 

94 

14.0 

136 

63 2 

178 

113.6 

95 

15.0 

137 1 

64.4 

179 

114.8 

96 

10. 0 

138 

05.6 

180 

116.0 

97 

17.0 

139 

66.8 

181 

117.2 

98 

18.0 

140 

68.0 

182 

118.4 

99 

19.0 

141 

69.2 

183 

119.6 

100 

20.0 

142 

70.4 

184 

120.8 

101 

21.2 

143 

71.6 

185 

122.0 

102 

22.4 

144 

72.8 

180 

123.2 

103 

23.6 

145 

74.0 

187 

124.4 

104 

24.8 

146 

75.2 

188 

125,6 

105 

26.0 

147 

76.4 

189 

126.8 

106 

27,2 

148 

77.6 

190 

128.0 

107 

28.4 

149 

78.8 

191 

129.2 

108 

29.6 

150 

80.0 

192 

130.4 

109 

30.8 

151 

81.2 

193 

131.6 

110 

32.0 

152 

82.4 

194 

132.8 

111 

33.2 

153 

83.6 

195 

134.0 

112 

34.4 

154 

84.8 

190 

135.2 

113 

35.6 

155 

86.0 

197 

136.4 

114 

36.8 

156 

87.2 

198 

137.6 

115 

38.0 

157 

88.4 

199 

138.8 

•die 

39.2 

158 

89.6 

200 

140.0 


No bonus is paid for group efficiency below 75 per cent. Bonus of 1.2 per cent is added 
for each 1 per cent of efficiency above this table. For example, 201 per eent efficiency pasrs 
141.2 per cent bonus; 202 per cent efficiency pays 142.4 per cent bonus; and so on up. All 
groups expected to show efficiency of at least 100 per cent. 
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Bonus of 1 per cent is paid at 75 per cent efficiency and 
graduates according to efficiency attained by the group: 

100 per cent efficiency will pay 20 per cent bonus. 

105 per cent efficiency will pay 26 per cent bonus. 

110 per cent efficiency w'ill pay 32 per cent bonus. 

120 per cent efficiency will pay 44 per cent bonus, and so forth. 

groups are expected to show an efficiency of at least 100 
per cent. 

“Average efficiency shown at the end of a pay period will 
be credited to the group. 

“The point to keep in mind at all times is that actual hours 
should be less than standard hours. The fewer actual hours 
and the more standard hours a group shows at the end of a pay 
period the bigger the amount of bonus earned. 

“The company wants each group to make as high a percentage 
of bonus as possible, without any fear of a reduction. 

“Credits will be allowed only for good production. But 
when parts are defective for any cause of the company, such as 
defective material, error on forms, etc., full credit for operations 
performed will be allowed. Cost for repairing defects caused 
by group will be deducted from the group. 

“If a group finds that it can get along just as well with fewer 
members, the members that are not needed can be transferred 
and the remaining members will be able to make larger bonus, 

Results of the Group Bonus Installation. 

The plan of group bonus as explained above was installed in 
1927 and has been in effect since that time. The following 
statements indicate the results obtained from the use of this 
plan:^ 

“1. Our experience has shown that the group wage-payment 
plan is extremely satisfactory for many jobs, but it cannot by 
any means be applied 100 per cent throughout the factory to 
all jobs. 

“2. In so far as we can estimate at present, our employees 
have been able on the average, to increase their earnings approxi- 
mately 10 per cent, whereas the company has received approxi- 

1 From ** Mueller Group Bonus Plan,” a pamphlet issued to their 
employees by the Mueller Company, 

* Statements are quoted from a personal letter to the author from one of 
the officials of the compjiny, dated Dec. 19, 1930, 
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mately 25 to 27 per cent increase in output. These figures, of 
necessity, are merely approximate, but in checking them in 
different manners they seem usually to check fairly close. 

♦ ‘^3. We have found that there seems to be no limit, within 
reason, of course, to the number of people that can be in a group 
so long as the material passing through that group is worked on 
by many of the individuals of the group and comes out of the 
group as an identified article. 

^^4. Our factories are now operating on the new standard 
cost system, with which the group plan works in extremely well. 
Also, of necessity, it becomes an important part of the standard 
costs. 

*'5. We have found in a group bonus plan that the clerical 
work attached to it in counting of the output, in crediting the 
standard hours, in figuring the bonuses, and in taking care of 
our costs is tremendously less than it would be on a piece-work 
plan or on an individual bonus plan, and, therefore, we prefer 
to use the group plan wherever it is at all possible. 

‘^6. We found after a short time that the method of group 
bonus operating in our foundries was not so satisfactory as we 
had anticipated. In some instances we changed the group 
bonus to a plan of individual bonus, and it immediately settled 
our difficulties.^^ 

Incentive on Quality. 

Although most incentives are placed on production, it is 
possible to place the incentive in a manner that will give any 
results that may be desired. If quality is a very important 
factor in the manufacturing process, and if the alertness and 
concentration of the operator directly affect the quality of the 
product, it is then very often profitable to place an incentive on 
quality, or perhaps on a combination of both quality and quantity 
of the product. 

Robert F. Miller, industrial engineer for Stevenson, Harrison 
and .Jordan, explains the use of a premium system for maintaining 
high production at low cost and at the same time protecting the 
quality of the product. This combined incentive plan was 
worked out for the welding department of a chain manufacturing 
conpem, and its operation is as follows: 

^'The operation of welding chain is a machine job on which 
the operator runs from one to six machines. The chain (pre- 
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viously formed into links in the preceding operation) is run 
through the welding machine and each link is butt welded by 
electrical heat. The quality of the chain is measured by the 
number of bad links, detected by inspection. The inspectiorU 
consists of (1) a tensile test in which the chain is subjected to a 
pull of a definite load and (2) a hand inspection of each link to 
detect cracked links developed by the tensile test, welding blem- 
ishes, and other defects. When a portion of chain is perfect 
except for a slight blemish, its marred appearance disqualifies 
it as first-class chain. It is then called “binder chain and is 
coupled up and used as second-class chain. 

“From this it is clear that the measure of the quality of the 
welded chain is (1) the number of bad or scrap links detected 
and (2) the amount of second-class chain found. Incidentally, 
the inspectors are paid a premium for the number of bad links 
detected. 

“The first step in the establishment of the quality bonus was 
the setting of accurate piece rates on each size and type of chain 
welded'. These rates were expressed in cents per 100 lb. of 
finished chain and were based on time study and an analysis 
of past production figures. After these piece rates had been in 
effect several months, a record was made of the amount of 
scrap links and binder to determine the actual quality on each 
kind and size of chain. With this as a starting point, a standard 
range of quality was set up on every type of chain. This range 
of quality gave the spread between the standard and the allowed 
quality. For instance, on one type of chain the quality range 
set was 0.92 to 2.77 bad links per 1,000 lb. of chain welded. 
Standard quality in this instance is 0.92 bad links per 1,000 lb. or 
less, allowed quality is less than 2.77 and more than 0.92. The 
measure of quahty is obtained by dividing the number of bad 
links by the pounds welded. For example, if there were 4 bad 
links on 5,000 lb. of cjiain, the quality was 0.80 bad link per 
1,000 lb. 

“The basis of payment under the quality bonus plan is as 
follows: The welder is paid for the chain he welds at the piece- 
rate price. As the report comes through to the oflSice from the 
inspection department showing the number of pounds inspected 
and the bad links found (if any), the actual quality is computed 
as explained above. If, as in the example cited, the actual 
quality is better than the standard, a premium of 10 per cent 
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of the piece-rate price is paid for every pound of chain inspected. 
Suppose in this example that the piece-rate price is $0.76 per 100 
lb. The premium earned would be 

If the number of bad links were 10 instead of 4, the actual 
quality would be 2.00 (in other words, more than the standard 
of 0.92 but less than the allowed figure of 2.77). No premium 
would be paid, the welder would simply be paid the piece-work 
price. If, on the other hand, the number of bad links were 20, 
the actual quality would be 4.00, or greater than the allowed 
figure of 2.77. In this instance a penalty would be imposed of 
10 per cent of the piece-rate price of $3.80. In brief, then, the 
plan pays a 1 0 per cent premium for bettering standard quality, 
imposes a 10 per cent penalty for less than allowed quality, and 
pays nothing extra for quality in the allowed range. 

it was found that the improvement in quality over 
past averages was remarkable. On some types of chain, where 
the quality was almost entirely controlled by the welder, the 
number of bad links was reduced to as much as one-thirtieth of 
what it had been. Even on automatic welding, where the opera- 
tor runs from two to six machines and consequently does not have 
so close control over quality as the operator running one machine, 
there has been a substantial increase in quality, ranging from 
10 to 60 per cent. The average improvement was 54 per cent, 
which, after taking into account the premiums paid, showed a 
net saving to the company of more than $10,000 a year.'^^ 

Incentive on Material Saved. 

In the leather-cutting department of a well-known manufactur- 
ing concern, seven men cut $500,000 worth of leather in a year, 
and the pay roll of these seven men is around $11,000 for the 
year. Since various shapes are cut from a side of leather, it 
requires considerable care on the part of the cutter to get the 
maximum amount of usable leather from a side. With the cost 
of the material amounting to about fifty times the pay roll, it 
certainly would not be desirable to overemphasize the output 
factor and underemphasize the material-saving feature. In 

1 Miller, Robert F., Paying Quality Premiums, Factory and Ind, 
Management, vol, 78, No. 6, p. 1346, December, 1929. 
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fact, a strong incentive to save material would bring about 
greater economy in this department. 

An Example of Incentive Based on Output, Quality, and Material 
Saved. 

The Holeproof Hosiery Company uses an incentive based on 
three factors, namely, output, quality, and saving of material. 
This company tries to balance the incentive on each of these 
three phases in such a way that they get just the results desired. 

The following example^ will indicate how these three factors 
affect the earnings of the inspector: 

Quantity of Hosiery Inspected. 

Quantity is paid for on the basis of a standard time unit which 
has been set by time study. The computations are as follows; 

Number of dozen inspected X standard time unit X base rate = 

earnings for quantity of production. 

^‘II. Quality of Perfects Passed. 

‘^Defective hosiery is separated from perfect in accordance 
with definitely prescribed quality standards given in a manual 
of inspection rules, 

^^The accuracy of this separation of imperfects from perfects 
is of prime importance and is measured by a system of spot 
reinspection. This reinspection gives the percentage of errors 
made by the inspectors. As the accuracy of the inspection is 
dependent upon the degree of familiarity with the inspection 
rules and the degree of concentration of the operator in his search 
for defective spots, it is appropriate to induce this condition 
in the operator by an incentive based on the results. Computa- 
tions of reward or penalty on this factor are made by comparing 
actual percentage of defects with the allowpd percentage of error 
according to the following formula: 

Actual per cent defects — standard per cent error X 1,0 X 
pay earned on factor I = reward or penalty. 

‘‘This result may be either gain or loss. It is added alge- 
braically with earnings on the other two factors. Attention is 

^BaiNXUAN, E. E., Let Incentives Talk in Dollars, Factory md Ind* 
Manaycmentf vol. 78, No. 6, p. 1066, November, 1929. 
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directed to the use of a multiplying factor of 10, to make the 
formula correspond in pay results with the variations in quality 
of work. This multiplying factor makes the incentive on this 
phase of their wor^j; as powerful as the quantity incentive in 
factor 1. 

^^IIL Waste of Material, 

‘'While this inspecting operation is of such a nature that 
no raw material is consumed in its operation, there is still present 
the possibility of the operator's rejecting too many perfects 
in her zeal to achieve a high-quality classification. The waste 
resulting from this practice is as serious as the avoidable spoilage 
of good yarn in the knitting process. In order to balance this 
phase of the job with phases I and II, an incentive is provided. 
Spot reinspection nu'asures and controls this. Computation of 
pay earned on this factor is the same as for factor II. 

“Summarizing these three factors and applying them to a 
representative case, the pay for an inspector would be computed 
as follows: 

Factor L 1,200 dozen X standard time unit of 0.05 hr. X 
base rate of 60 cts. per hour = $36.00. 

Factor II. (Actual of 1.8 per cent defects — standard of 
1.5 per cent) X 10 X $36.00 = $1.08. 

Factor III. (Actual waste of l.l per cent — standard of 
1.5 per cent) X 10 X $36.00 = $1.44. 

Adding these factors algebraically ($36.00 — $1.08 + $1.44) 
gives $36.36 as the total pay. 

Incentives Applied to Indirect Labor. 

There are several approaches that may be used in applying 
incentives to indirect labor. The method explained in the 
next two chapters is commonly employed. However, the follow- 
ing pl^an is more definite and accurate, and perhaps more satis- 
factory, for some types of work. 

Trucking, like most kinds of materials handling in the factory, 
is classed as indirect labor; and it is generally accepted that it is 
more difficult to set standards on indirect than on direct labor. 
The following case will explain the method used by one manu- 
facturer, and the curves in Fig. 99 show the result of the use of 
incentive over a period of years. 
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The application of incentives was made on electric-lift trucks 
used in the plants of the Norton Company. 

^^In short, the problem — as we saw it, at least — was to find 
some simple plan of keeping all our truckmen on the job all the 
time. . . . We started with a single lift truck and had certain 
departments call up when a platform was ready to be moved. 
A time-study man rode with the driver for several days, and from 
his studies it was found that the driver averaged 30 moves a 
9-hr. day. So we decided to make 40 trips the starting point of 
the bonus plan. For 40 trips or less a day, the day rate was paid. 
Then a graduated bonus scale was set up. For trips over 40 
and up to 45, the operator received a bonus of 5 cts. a trip for all 
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-Curves showing the effect of wage incentives, and a central truck- 
dispatching plan on labor costs. 


trips over 40, in addition to his day rate; from 45 to 50, the 
bonus was 6 cts.; and so on. This scheme was explained to the 
truckers — there were three at the time — and they were told that 
there was only enough work for two and that those two would be 
expected to handle the work previously done by three operators. 

^'The very first day the two men were able to handle the work 
in 9 hr. Operator 1 made 62 trips for which he was paid the day 
rate of $4.50 plus a bonus of $1.98, making a total of $6.48. The 
other operator made 56 trips and earned a bonus of $1.28. In 
short, they did about double the work formerly handled on day 
work, and their earnings increased about 35 per cent. We 
saved 35 per cent in labor and laid up one truck which cost 
$9.00 a day. 
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Now there are five truckers on bonus, handling from 300 to 350 
orders a day/^^ 

Maintenance Incentives. 

Except, however, for a few companies where incentive work 
is older and more generally used, interest in maintenance incen- 
tives is of relatively recent origin. There are several reasons for 
this : 4 

^^1. It is usually more difficult to measure and establish 
accurate standards for maintenance work, making the initial or 
installation cost higher. 

^*2. There is a prevailing attitude in many organizations that 
incentives are not applicable to maintenance work. 

In only the larger companies do we find large enough 
maintenance groups so that the various crafts are organized into 
separate departments, making possible departmental applications 
of only related work. 

^^4. Even after the work is measured and standards are 
established, the application of the standards presents clerical 
problems not ordinarily found in production work, due to the 
greater difficulty of accurately checking daily performance. 

^^5. Because of the varied nature of maintenance work, cost 
systems are apt to treat maintenance costs rather generally and 
are, therefore, not so likely to reflect accurately the effect of 
incentive applications in terms of dollars-and-cents savings. 
Certainly, management pays more attention to the control of 
direct labor costs than to indirect labor costs. 

‘^This last reason is one of the strongest arguments for main- 
tenance incentives, because there is a natural tendency to adjust 
the productive labor force almost immediately with changes in 
volume of production, whereas there is much less likelihood that 
maintenance crews will be adjusted so promptly, if at all. In 
any event, there is almost sure to be a lag. 

. We selected for the first application a small group of 
five pen who were engaged in repairing and reconditioning used 
valves. Some of the variables which we encountered were as 
follows: Sizes varied from 3^^ in. to 12 in.; designs represented 
every important valve manufacturer; there were screw ends 
and flanged ends; materials included brass, cast iron, monel, or 

^ Hildubrant, B. a., The Right Handling Equipment, Factory and Ind, 
M^^naqement, voj. 79, No. 6, p. 1345, June, 1930, 
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combinations of different metals; types included globe valves, 
angle valves, gate valves, check valves, gas cocks, etc.; the 
completed valve had to test tightly for different pressures 
according to the type of service in which it was used, as soap, 
acids, alkalis, glycerin, water, gas, steam, air, and all kinds of 
oils; the used valves were received in all conditions of damaged or 
broken parts and of corrosion and rust. 

' ^'Time studies showed the necessity for standardization of 
methods and procedure. It was necessary to plan work more 
advantageously and to establish somewhat belter control of the 
inventory of repair parts and material. A complete classification 



Fig. 100. — Curves showing the effect of wage incentives on earnings, unit labor 
cost, and production, for maintenance work. 


was made fiirst as to type of valve, then as to operations on each 
type. Sufficient time studies were made on a number of different 
sizes of each type to insure that the resulting operation standards 
were representative of average conditions. Knowing the number 
of used valves started in any lot, a few inspections during the day 
and an inventory of completed work turned into the storeroom 
at the end of the day provided a satisfactory check on the day^s 
performance. This application has now been in effect 23^^ years. 

** Figure 100 shows graphically the results of this application. 
I have gone into considerable detail because it was our first one 
on maintenance work, and it was the example which convinced us 
of the possibilities. 
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^‘The next thing we tackled was scrubbing and cleaning our 
railroad tank cars, of which our company owns in the neighbor- 
hood of 1,500. Except when a car is to be loaded with the same 
material which it last contained or a lower grade of similar 
material, it must be thoroughly cleaned on the inside before 
reloading. A regular crew of 10 men, including a straw boss, 
average 13 cars a day on day work. A regular crew of 4 men, 
including a working straw boss, now do 12 cars a day, or 6 men 
will do 18 cars a day . . . 

^^We favor individual incentives where applicable but use 
the group plan where the work is of a cooperative nature and 
where clerical work would be excessive to determine individual 
performance. 

“The next two applications of maintenance incentives were 
to the plant painters (between 10 and 15 men) and to the rail- 
road-car repair shop (around 30 men). These incentives have 
now been in operation for 2 years. The painting pay roll has 
not been greatly reduced, but the amount of painting has 
increased nearly 75 per ceni, partly due to more frequent painting 
and partly to new painting work or the taking over of painting 
work formerly done by production departments. 

In the car-repair shop are made practically all kinds of repairs 
to railroad tank and box cars, including boiler-making operations 
such as fabricating, bending and fitting plates, drilling, scarfing, 
calking, riveting, and blacksmith work . . . 

“In all, we have about 75 maintenance men on standards. 
Unit wage costs are showing a steady reduction. Premiums paid 
to operators average about 14 per cent over base wage. Cost of 
making and maintaining these applications has been about 
$29,000, against which substantial savings have been realized. 

Specific Recommendations. 

The Manufacturers' Research Association appointed a com- 
mittee in 1926 to “analyze and compare the presen t-day^ethods 
of paying wages for the purpose of discovering and segregating 
those features which are inherent in all effective systems." 
The principles of wage payment advocated by this committee 
include the three general types of payment: 

1 Lowry, Stewart M,, Maintenance Incentives, Factory and Ind, Manage^- 
vol. 80, No. 6, p. 1156, December^ 1930. 
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I. Piece Work, — A general term for pa 3 nment of the individual on the 
basis of amount of work produced. 

A. Standardized shop methods prior to time study. 

B. Production rates set only on the basis of accurate time study. 

C. In order to make it possible to measure and compare the efficiency 
of operators and departments, the establishment of a definite task 
becomes at once desirable. For a good, average worker the attain- 
ment of this task would represent 100 per cent efficiency. 

D. Guarantee a day work rate for operators in all cases where the worker 
is unable to perform this task, on account of conditions beyond his 
control. It would charge these excess costs to the proper expense 
account and distribute them together with other overhead charges. 

E. Establish definite breaking-in periods for new operators. 

F. Provide instruction cards prescribing the exact conditions under which 
all operators should work, t.e., feeds, speeds, number of pieces per 
hour, set-up time, etc. In addition to these instruction cards, there 
would also be rate cards showing base rates and the amount of pro- 
duction an operator must turn out in order to obtain these rates. 

G. Advocate paying a flat reward to any operator who presented an 
improved method for performing a task, after which it would recom- 
mend that a new rate be established for performing the task in accord- 
ance with the new method. 

H. Provide and maintain accurate records of production and scrap. 
Whenever it is possible to do so, it would pay a bonus for minimum 
scrap. 

I. Provide that a weekly analysis sheet be made up from the reports 
turned in. This would permit executives to obtain direct control of 
labor costs. 

J. Under this plan of wage payment, the tasks of all indirect workers 
are studied and the proper ratio of direct to indirect labor established 
for each department. 

K. If so desired, a bonus may be paid to indirect workers based on the 
ratio of the direct to the indirect labor hours in any given department, 
established in the manner described in the preceding paragraph. 
The exact method of computing this bonus, and the time interval 
between any two payments thereof, should be determined by the 
management of any company in such a way as to satisfy the needs 
and requirements of the particular business. 

II. Group Piece Work . — It is expected that this plan would be used when 
it would lend itself to the work in hand. 

III. Day Work. 

A. Where the cost of establishing standards exceeds the savings which 
may be reasonably expected to result from the substitution of unit 
rates of production for day wages, a day wage is recommended. 
Wherever, after careful study, it seems feasible to supersede day 
work by piece work, this step is recommended. 

The plan as recommended by the committee eliminates the follpwing 
pb|ectionable featuref^ jnhprept; ip spme systieme? 



WAGES. GENERAL PRINCIPLES 


207 


1. Decreasing rates per piece for added increments in production above 
standard. 

2. ^Sharing the workers’ savings with management. 

3. Difficulty on the part of the worker of understanding the plan and 
computing his earnings. 

4. Time-studying operations where shop conditions have not previously 
been standardized.^ 

National Metal Trades Association’s Recommendations. 

The following report was made after a study of the plans of 
wage payment used by the 672 plants covered in the survey. The 
committee stated in presenting the recommendations that ^‘it 
would seem that the following eight broad rules and principles 
should be observed in the adoption and administration of an 
incentive plan: 

^'1. The work in question should be studied in detail and 
definite methods of operation adopted. The process of determin- 
ing the best way to perform the operation may be called methods 
engineering, time stud}^, motion study, job standardization, or 
motion-time analysis; but whatever means is used, the best way 
to do the job should be carefully and completely determined 
before anything else is attempted. 

^^2. Rates or standards should be established only as a result 
of a series of accurate studies and should be subject to such 
checks and rechecks before definite adoption as to make unneces- 
sary any later change in the rate or standard as long as the job 
itself remains unchanged. 

‘^3. A definite task, bogey, or other measure of what consti- 
tutes a day’s or a week’s work should be established so that the 
performance of individuals, groups, or departments may be 
readily measured and compared. 

*'4. Employees should be protected against the possibility of 
reduced earning power due to circumstances beyond their control. 
This refers to the inefficiency of management as exemplified in 
an interruption of the flow of materials, a shortage of proper 
tools or equipment, the breakdown of machinery, or an inade- 
quate power supply. This is generally accomplished by the use 
of a guaranteed minimum time wage or hourly rate. 

^ Rich, A. B., Principles of Wage Payment, BuU. Taylor Soc., vol. 11, 
No. 4, p. 214, October, 1926. 
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^'5. The wage incentive used should be sufficiently flexible to 
permit application to the maximum number of jobs and the 
maximum number of employees. 

‘^6. The wage-payment plan for indirect labor and supervision 
should be such as to harmonize with the incentive plan used for 
direct labor, so that there will be no conflicting interests between 
the different groups of employees. For instance, the pay of 
inspectors should not be based upon the number of defective 
pieces found, as a feeling of mistrust between the respective 
groups of employees involved will be engendered, whether justi- 
fied or not. Neither should departmental foremen be paid an 
incentive to keep the indirect-labor ratio down when it may be 
possible that an increase in indirect labor might be more than 
offset by a consequent increase in total departmental production. 

“7. Whatever plan of wage payment be used, it is most impor- 
tant that the plan itself be simple enough to be readily urnlerstood 
by all employees. The employee should not only be able to 
compute his earnings independently of the pay-roll department 
but should be able readily to relate such earnings to his individual 
productive effort. The most patient efforts are necessary to 
insure that all employees fully grasp the methods by which their 
pay is computed, for if they do not fully understand, there is a 
fertile field for gossip and misunderstanding. 

‘‘8. Under all circumstances and under all conditions the plan 
or plans of wage payment should not only be fair and just to 
employee and management alike but should scrupulously avoid 
any appearance or even suggestion of unfairness in any sense 
whatsoever. 

Your committee therefore: 

^^1. Urges members to use an incentive plan of wage payment 
whenever and wherever possible. 

Recommends that the foregoing eight rules and principles 
be closely adhered to. 

*‘3. Points out the superiority of the simple types of incentive 
plans, such as ordinary piece work with guaranteed day rate, 
over the more complex systems. 

'^4. Emphasizes the fact that a spirit of mutual confidence 
and faith based on square dealing between employees and manage- 
ment is essential to maximum satisfaction from all standpoints. 

^ Methods of Wage Payment, p. 18, by permission of the National Metal 
Trades Association, Committee on Industrial Relations, W. E. Odom, director* 
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Plans Which Are Justified, for What, Why, and How. 

With the many systems of wage payment in use today is it 
any wonder that surveys, such as the two referred to above, 
are instigated by manufacturers in order to find out for themselves 
which plans are justified? 

C. W. Lytle has carefully analyzed 25 of the common systems 
of wage payment, and from these he selects 10 which he thinks 
would supply all the needs. These 10 plans^ are: 

1 . Day rate plan with production records and promotion. For 
unstandardized work, permanent, or temporary. It is simple 
and about all that can be used. Management should eliminate 
it wherever and whenever possible. 

“2. Multiple time plan with high bonus steps. For upgrading 
employees formerly on day rates. It is one of the strongest 
as well as simplest of plans. It must be more carefully managed 
than a more elaborate plan. 

^^3. High piece-rate plan with or without a minimum guarantee 
and with the time basis of computation. For repetition work 
not involving expensive machine rates. It is the simplest and 
the soundest of all the plains. Equalization requires care, as 
task per unit of time may not be evident. 

^^4. M errick multiple piece-rate plan. For upgrading inefficient 
employees formerly on low piece rate. It is flexible, strong, and 
relatively simple for what it can do. Tables must be used for 
explanation and computation. 

‘^5. Garvtt task and bonus plan (a combination of items 1 and 3) . 
For machine jobs liable to delay and where machine rates are 
high. It provides security with strength. The day guarantee 
may need watching. 

‘‘6. Halsey (50-50) constant sharing plan. For guessed-at 
standards, no big machine rates. It gives a high wage through 
intermediate production efficiencies. Task or rate inaccuracy 
is less serious. 

“7. Bedaux point plan. For strongly centralized management 
and for widely diversified operations. It gets results through 
its production control rather than through high rates. It involves 
a lot of figuring. 

'^8. Barth variable sharing plan, up to day wages only. For 
beginners. It gives a high wage for low production efficiencies 

^Lytlb, C. W., ‘^Wage Incentive Methods,’' p. 69, The. Ronald Press 
Company, by permission of the author and publisher. 
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without guarantee. Tables must be used, the new employee 
may not have a slide rule. 

^^9. Emerson empiric scale plan, between 70 and 100 per cent 
task only. For gradual transition from day work plan to high 
piece-rate plan. It avoids the abrupt step and may be justified 
in some cases. The empiric principle is used only within the 
above limits; outside these, other plans are preferable. 

‘^10. Bigelow-Knoeppel constant sharing plan, up to 70 per cent 
high task. For beginners. It makes a simple and just plan for 
these limits with less earning than under day wage and more than 
under piece rate. It is probably easier to understand than the 
Barth plan for the same purpose. It is not recommended beyond 
70 per cent task.” 

Mr. Lytle further states : 

As to the other 15 plans, none of them has inherent merit not 
to be found in the above, except perhaps the 15 class gradation 
of Parkhurst. If the scale of efficiency bonus seems important, 
that may be made up for any of the above plans. Job standard- 
ization, production control, inspection, and non-financial incen- 
tives must precede and accompany any plan to get anything 
worthwhile out of it. Similarly, any one plan may be applied to 
a group or put on a minute basis. We may be wrong, but with 
malice toward none, we sincerely believe that these 10 plans 
provide us with every kind of incentive which we need today 
and which we are likely to need for a long time to come. Various 
combinations of these plans are desirable, but they should not 
be given new names other than perhaps plant names indicating 
where used.” 



CHAPTER X 


WAGES. BASE-RATE DETERMINATION 

The cost of labor is one of several factors which enters into the 
selling price of a product, and very frequently the manufacturer 
is likely to consider the payment for labor in much the samfe way 
as the purchase of steel, coal, lumber, or any other raw material. 
However, there is a difference between the two. To the worker 
his wages are of vital importance, his well-being and in most cases 
his very livelihood are dependent upon his weekly earnings. A 
fair wage properly administered is satisfactory to the worker and 
to the manufacturer alike. If the purchasing department makes 
a mistake and buys inferior material, it can be scrapped or 
perhaps returned to the vendor, but if the laborer is not properly 
selected for the task and fairly compensated for the work which 
he does, not only will the manufacturer fail to get the work done 
the way he wants it, and at a proper unit cost, but the worker 
will not be fairly provided for. 

Need for Uniformity in Base Rates. 

It is fundamentally essential that industry provide a satis- 
factory wage to labor. There are many economic theories^ as to 
just what constitutes a satisfactory wage, but space does not 
permit us to go into them here. It will be admitted that regard- 
less of whether the sharte going to labor in the form of wages 
unde^^ our present industrial system is correct or not, a very 
great step forward will be taken when we establish some uni- 
formity in wages within a given industry or within a given 
industrial area. 

It is not at all uncommon to find a wide variation in the base 
wages of men doing identical work in different departments of 

1 Watkins, G. S., ^'Introduction to the Study of Labor Problems,*' 
Chap. VI. 


2U 



212 INDUSTRIAL ENGINEERING AND MANAGEMENT 


the same shop. In a machine-tool plant, for example, men 
operating radial drills in one department were receiving 56 cts. 
per hour, and in another department other workmen doing 
similar work on identical machines were paid 68 cts. per hour. 
It is entirely too common an evil to find this lack of uniformity 
in base rates within a plant as well as among factories in the same 
vicinity. 

Where labor is paid by the hour, the base rate is guaranteed 
irrespective of output. Where the workmen are paid on a piece- 
rate basis, the rates should be standardized in such a manner 
that every workman receives a satisfactory wage with no ^^easy’’ 
or ‘^hard’^ jobs in the plant. The rates are usually set up on 
assumed hourly earnings below which the average worker is 
not expected to fall, and in many concerns this base rate is 
guaranteed to the worker even where an incentive form of wage 
payment is used. It is evident that whatever the form of wage 
payment used, the base rate is the foundation upon which 
premiums, bonuses, or additional incentives are based, regardless 
of the nature of this additional wage. The base rate plus any 
added incentive wage then equals the total wage or earnings of 
the worker. 

Using this conception of the term base rate, it is evident that 
for any type of wage system that may be used, base rates must 
first be established for each worker, or for the job or occupation. 

Base Rate for the Individual Worker. 

Since workmen vary in ability, skill, education, and many 
other personal qualifications, it seems logical that an employee 
might be paid a wage based upon his personal qualifications. 
Each employee being hired to do a particular job would have his 
base rate determined to a certain extent by the nature of the 
work, but also such factors as length of service with the company, 
loyalty and enthusiasm, number of dependents in his family, etc./ 
might influence the base rate in cases where rates are set for the 
individual worker rather than for the job or occupation. 

Base Rate for the Job or Occupation. 

Some manufacturers think that the fairest and most satis- 
factory base rates are set for the occuptaion rather than for the 
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individual. Thus, if a specific operation on a radial drill is worth 
65 cts. per hour to one man operating the machine, this same wage 
should be paid to any and every man operating the machine 
provided he is competent to do the work. In order to make sure 
that a new employee is suited to the job for which he is hired, it 
is customary to have a beginning rate, somewhat lower than the 
standard rate for the job. This beginning rate should terminate 
at the end of a definite period. The Frigidaire Corporation of 
Dayton, Ohio, has made satisfactory use of three base rates for 
each occupation in its factories. A beginner's rate of, say, 50 
cts, per hour would be paid for 1 month, the qualifying rate of 
53 cts. per hour for a period of 6 months, after which time the 
standard rate of 58 cts. per hour would be paid. 

Where base rates arc set for the occupation, the only way 
in which the employee can increase his base rate is by becoming 
qualified to perform work requiring greater skill and better 
training and consequently having a higher base rate. It is 
important at this point to note that we are discussing base rates 
and not incentives. Of course, a bonus or premium on output 
would make it possible for the employee to increase his earnings 
on any job for which an incentive was in force. 

Determination of the Worth of an Occupation, 

In order to determine accurately the worth of an occupation 
it is necessary to analyze it very carefully, especially when we 
come to consider the wide variety of jobs found in any good-sized 
industry. For example : 

At the Kodak Park Works of the Eastman Kodak Company, 
4,800 employees in chemical and mechanical processes which 
produce continuous products are used on 902 different jobs or 
grades of jobs, and in addition to this there are 1,100 to 1,200 
employees in the engineering and maintenance shops representing 
18 different trades and working on over 200 different operations."^ 

Merrill R. Lott, gives the following factors^ which he says 
determine the worth of an occupation: 

1 Palmbk, Viboil M., Determination of Base Rates for Manual Workers, 
Amer, Management Aseoc, Bull. 36, 

*Lott, Mkbbill R., Wage Scales With a Reason, Ma/nagement and 
Administraiiont voL 9* No. 5, p. 461. 
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Factors Weight 

1. Time usually required to become highly skilled in an occupation. . 23 

2. Time usually required for a skilled person in the occupation to 

become adapted to employer’s needs 7 

3. Number of men employed in an occupation in the locality, the 

labor supply . 5 

4. Possibility of an emploj^jc’s locating with another company, with 

a similar earning capacity 4 

5. Educational requirements of an occupation 10 

6. Prevailing rate of pay in locality 5 

7. Degree of skill, manual dexterity, accuracy required 9 

8. Necessity of constantly facing new problems, variety of work 9 

9. Money value of parts worked on, possibility of loss to company 

through personal errors (unintentional) 0 

10. Dependence that must be placed upon the integrity and honesty of 

effort of employee 7 

11. Cleanliness of working conditions 3 

12. Exposure to health hazards 3 

13. Exposure to accident hazards 3 

14. Physical effort required 3 

15. Monotony of work 3 

Total weight of points 100 


The above table suggests a means of analysis for jobs of all 
kinds. Once the analysis is made, the elements of the job can 
be compared with other jobs or occupations in the factory. This 
offers a means of comparing the value of one kind of work with 
that of another, and some approach to a scientific method can 
be used in setting a just and fair base rate on the many different 
jobs in the factory. 

A careful study was made of the method of base-rate determinar 
tion used by one large manufacturing concern, and since this 
plan seems to be typical of that used by other firms it will be 
given in detail. 

N. D. Hubbell has worked out and successfully applied the 
following method for setting base rates, to an industry employing 
over 7,000 workers: 

Occupational studies are made, time studies taken, and after 
careful analysis, the base rate is then set for the work. Instead 
of 16 factors as listed above, only 7 are considered by this com- 
pany. The point system of wage payment, which gives a pre- 
mium to the worker for increased output above 100 per cent 
efficiency, is used in this plant. The base rate is equal to the 
average of wages paid for similar work in the community. 
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TabiiB XXIX. — Factors Used in the Determination op the Index 

FOR THE Job 


Factor Weight, points 

1. Dependability 25 

2. Time required to learn job 20 

3. , Job knowledge 15 

4. Job skill 10 

5. Educational requirements 10 

6. Adjustability 10 

7. Working conditions 10 


Ta.bt>e XXX. — Dependability 

10. General foreman. 

9. Foreman. 

8. Assistant foremen. 

7. Working gang leader. 

6. ' Minor supervision, directing a helper. 

5. Exacting work, occasional supervision. 

4. Ordinary work, occasional supervision. 

3. Ordinary work, ordinary supervision. 

2. Close work, close supervision. 

1. Rough work, close supervision. 

Table XXXI. — Time Required to Learn Job 

10. 5 years or over. 

9. 3 to 5 years, 

8. 2 to 3 years. 

7. 1 to 3 years. 

6. 6 to 12 months. 

5. 3 to 6 months. 

4. 1 to 3 months. 

3. 1 to 4 weeks. 

2. 1 to 6 days. 

1. Less than 1 day. 

Table XXXII. — Job Knowledge 

10. Complicated technical knowledge and calculations. 

9. Simple technical knowledge and calculations. 

8. Considerable technical knowledge and judgment. 

7. Elaborate practical knowledge and judgment. 

6. ’ Ordinary practical knowledge and judgment. 

5. Covered by technical standard practice. 

:4. Covered by complicated practical standard practice. 

3. Covered by simple standard practice. 

2, Simple directions, varied. 

1. Simple directions, routine. 
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Table XXXIII. — Job Skill 
10. Varied delicate trade skill. 

9. Varied trade skill, high degree of accuracy. 

8. Varied trade skill, ordinary grade. 

7. Delicate operation and adjustment. 

6. Varied trade skill, rough work. 

5. Varied ordinary skills, handy-man type. 

4. Ordinary skill, varied operations and adjustment. 

3. Ordinary skill, repetitive operations and adjustment. 

2. Highly repetitive, rough skill. 

1. Labor type, no skill required. 

Table XXXIV. — Educational Requirements 
10. High school, special courses and experience. 

9. Eighth grade, regular apprenticeship and experience. 

8. Eighth grade, technical information and experience. 

7. High school or regular apprenticeship. 

6. Eighth grade and trade knowledge. 

5. Eighth grade. 

4. Sixth grade and trade knowledge. 

3. Sixth grade. 

2. Read, write, and simple calculations. 

1. Speak and understand English. 

Table XXXV. — Adjustability 

10. Several special jobs simultaneously. 

9. Several routine jo]>s simultaneously. 

8. Quick changes, special jobs. 

7. Special jobs, covered by standard practice. 

6. Quick changes, routine jobs. 

5. Variety of routine jobs. 

4. Routine, similar jobs. 

3. CJomplicated repetitive job. 

2. Helper type of jobs. 

1. Repetitive job, short cycle. 

Table XXXVI. — Working Conditions 
Add two points for each disagreeable feature: 

а. Machine hazard. 

б. Acids. 

c. Fumes. 

d. Slippery floor. 

e. Heavy lifting. 

/. Odors. 

g. Wet. 

A. Heat. 

i. Dust. 

j. Grease. 

k. Eye strain* 
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Name of job: 

Name of employee studied: 
How long studied: 

Bldg. No. 


Dept. 


Reg. No. 
Studied by: 
Date 


1. General description of job. 

1. Regular duties. List all regular duties and show decree of Supervision required. 
Use scale 1 highest to 5 lowest. Use back of sheet if necessary to give complete 
description (see instruction manual for classifications under each type). 

2. Irregular duties. List and show degree as above. In addition show approximate 
time spent on each. 

3. Hours of work (check one which applies) 

Regular day Irregular day Night 

Trick without Sunday Trick with Sunday 

Vacation privileges 

II. Specifications for employees. 

1. General requirements. 

o. Sex: Male Female 

6. Is it advisable to employ only Americans on this job? 

c. Age most desirable Age limits 

d. Length of training required (chock one which applies) 
fl) Unskilled (laborers, fevc days to train) 

(2) Semiskilled (few weeks to train) 
f3) Skilled (0 to 12 months to train) 

(4) Highly skilled (over 1 year to train) 

2. Educational requirements. 

a. Check degree of education recommended. 

(1) None (4) High school year 

f2) Read and WTite English (5) College or technical 

(3) Grammar school grade (6) Special courses 

h. What educational factors actually enter into job? 

3. Job intelligence. Knowledge and information regarding job. 

How long required to learn. 

By whom taught. 

4. Manipulative skills. What hand skills must be acquired. 

How long required to become proficient. 

By whom taught. 

5. Tools, reference books, etc. 

a. List tools or instruments used on the job which require special training. 

b. List reference books, charts, tables, etc., used. 

6. Accuracy. Degree and kind required. 

7. Working conditions: Inside Outside 

Give lighting conditions. 

List any disagreeable or hazardous features such as noise, dust, odors, fumes, acids, 
grease, floor or machine hazards, etc., and any special clothing or protection needed. 

8. List jobs to which promotion is most probable and shqw if this job gives definite 
training for them. 

9. Could this job be handled by an employee who is hampered by old age or infirmity. 

10. General nature of work (use percentages when divided). 

Bench. Floor. Machine. 

Variety. Repetitive. Routine. 

Slow movement. Medium. Fast. 

Paced by machine. By other persons. Self. 

Standing. Sitting. Walking. 

Pushing. Lifting. Climbing. 

Light. Average. Heavy. Laborious. 

Strain bodily. Mental. Eye. Nervous. 

Strain none. Slight. Severe. 

Eyesight required: Normal . Exceptional 

11. Personal qualities (use scale of 1 highest to 5 lowest). 

Adjustability. 

Resourcefulness. 

Initiative. 

Cooperation. 

Neatness in work. 

12. Aptitudes (use scale 1 highest to 5 lowest). 

Manual dexterity. 

Ambidexterity. 

Eye>hand coordinations. 

Ear-hand coordinations. 

Mechanical ability. 

13. Point out any additional qualifications not covered specifically in the above. 


Directing abilit; 
Appears!] 
Decision. 


Appearance an<i!^ manner. 


Comprehension. 

Ingenuity. 

Memory. 

Sustained attention. 
Mental alertness. 


Fio. 101. — Oceupation study sheet. 
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An analysis of the job is made when time studies are taken. 
This gives the time-study observer an opportunity to give careful 
thought to the work involved. The occupational study shejet 
shown in Fig. 101 is filled out by the time-study observer and 
then turned over to the person in the factory who has charge 
of setting all base rates. This person checks the occupational 
study sheet, makes additional observations of the job himself, 
perhaps has a conference with the worker on the job, the super- 
visor, or the foreman, and, after finding all about the job, then 
determines the index number for the job using the tables shown 
on pages 215 and 216. 

Suppose that the job to be analyzed is that of a band-saw 
operator. 

From Table XXX the band-saw operator would be given the 
index of 4 (ordinary work, occasional supervision), then: 


Weight for final 

Factor index number 

Dependability = 25 X 4 = 100 

Table XXX, index 4 (ordinary work, occasional 
supervision) 

Time required to learn job = 20 X 4 - 80 

Table XXXI, index 4 (1 to 3 months) 

Job knowledge — 15 X 2 = 30 

Table XXXII, index 2 (simple direction, varied) 

Job skill = 10 X 3 == 30 

Table XXXIII, index 3 (ordinary skill, repetitive 
operations and adjustments) 

Educational requirements = 10 X 3 = 30 

Table XXXIV, index 3 (sixth grade) 

Adjustability = 10 X 3 = 30 

Table XXXV, index 3 (complicated repetitive job) 

Working conditions = 10 X 6 = 60 

Table XXXVI, machine hazard, dust, eye strain 

Total 360 

The sum of the seven factors gives a total of 360, which is 
the index number for the job. Now referring to the curve in 
Fig. 102, it is possible quickly to find the base rate for the job 
whose index is 360. This base rate is 66 cts. per hour, and con- 
sequently this base rate would be set for this job and guaranteed 
to the operator who does this particular kind of work on the 
band saw. So, for all other jobs having a total index of 360, 
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the base rate would be set at 56 cts. per hour, for they would be 
equally difficult to perform. 

The Determination of the Hourly Base-rate Curve. 

It is apparent that the total index number will be of little 
value without the hourly base-rate curve as shown in Fig. 102. 
This curve was determined in the following manner: A number 
of jobs (which are very common in all shops) were selected as 
typical, and these were then rated as described above, in order 
to find the proper index. These jobs were analyzed not only 
by the person designatt^d to set the base rates but also by the 



Fig. 102. — Curve for setting base rate from occupational index number. 


foremen, superintendents, supervisors, and in some cases even 
the men themselves. An average was then taken of these, and 
the true index was obtained. Then the base rate that was being 
paid, one that seemed fair and equal to. the community standard 
wage for similar work, was used, and the curve was then plotted 
from these data. The data below are typical of those obtained 
and used for plotting the original hourly base-rate curve, as 
shown in Fig. 102. 


Occupation 

Total index 
number 

Hourly base 
rate 

j 

Janitor 

200 

0.50 

Sensitive drill operator 

335 1 

0 55 

Tool maker 

1 

635 

0.75 

Foreman 

845 

1.15 




CHAPTER XI 


THE POINT PLAN. A SYSTEM OF WAGE PAYMENT AND 
LABOR CONTROL 

METHOD OF OPERATION 

The point system is more than an incentive plan of wage pay- 
ment in that it forms a means of ai^alyzing and controlling in a 
practical manner the cost, efficiency, and compensation of direct 
and indirect labor in the factory and office. 

The Bedaux ^‘point^^ plan and the Haynes ^'manit” system 
are among the most commonly known wage-payment plans that 
use a uniform time unit, or point, for measuring work. Bedaux 
has coined the term and Haynes the word ‘^manit^^ to be 
used as the common denominator for all labor performance in 
factories using their systems. 

Point plans of wage payment are widely used in industry 
today, although they vary considerably in the manner of installa- 
tion and in their plan of operation. The following is an explana- 
tion of one of the very highly developed point plans which has 
been successfully applied in the factories of a manufacturing 
concern employing approximately 15,000 workers. 

Definition of the Point 

The point is the unit of measure of human effort, consisting 
of a certain amount of useful work plus time allowances for rest 
and delays, the total of all equaling one minute. The amount 
of useful work in a point is based upon the performance of an 
average operator working without incentive at a preconceived 
ideal standard maintainable speed at which he will produce 60 
points per hour. It is understood that the relative amount of 
work, rest, and delay in a point will vary with the nature of 
the work. That is, for work requiring heavy physical exertion 
a greater allowance will be made for rest than for work requiring 
little effort. The total will in all cases, however, equal 1 min. 
of time at a 60-point hour. It is expected that a properly trained 
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and experienced worker will be able to produce around 80 points 
per hour on work for which he is fitted. 


Point Standard. 

A point standard is the number of points allowed for the per- 
formance of a given amount of work. This standard is set by 
time study, and the worker is guaranteed that the standard 
will not be changed unless there is a change in the method of 
performing the operation. 

Since there is a point standard set for each operation in the 
factory, the operator knows at the end of the day how efficient 
he has been. The term productive point hour is used to indicate 
the efficiency of a direct operator and is the average number of 
points produced per hour. 

For example, assume that a girl is working on a small drill 
press and that she finishes 200 pieces in an 8-hr. day, being allowed 
two rest periods of 8 min. each. Suppose the point standard 
for drilling the casting is three points per piece, then the point 
hour for this operator is: 


Point hour — pieces finished X point standard) +allowances 

number of hours worked 

_ (200 X 3) + (2 X 8) 

8 “ 

- T - " 


This means that the operator has done 77 min. work per hour or 
worked at a 77 point hour. 


Incentive. 

Since the operator is producing above the standard of 60 
points per hour, she is given a premium based upon the premium 
points that she has produced during the day. The premium 
points are the points produced in excess of 60 per hour. In 
the above case the premium points per hour are (77 — 60) 17. 
For an 8-hr. day the premium points are (616 — 480) 136. The 
premium earned by the operator is based on three-quarters of 
the premium points. If the base rate of the operator is 35 cts. 
per hour, then her premium is X % X 0.35 = $0,595 

(use 0.60). The base earnings for 8 hr. at 35 cts. per hour is 
$2.80. The total earnings for the day is then the base earnings 
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plus the premium, or $2.80 + $0.60 = $3.40. Since the operator 
is guaranteed a day rate, the minimum wage in the above case, 
that the operator can earn for the day is $2.80, and of course 
the amount earned above this minimum of $2.80 will depend 
directly upon the output of the operator herself. 

Production at 60. 

If the operator is performing work for which point standards 
have not been set, or for which present standards do not apply, 
then the work is turned in at 60 points per hour (equivalent to 
day work) regardless of the amount of work done. This is called 
'' production at 60.^’ 

Allowances. 

Allowances are delays in production beyond the control of 
direct labor. In some cases the departnient is held responsible, 
while in other cases the cause is beyond the control of the depart- 
ment. In either event, the direct labor is not held responsible. 
All delays are reported in minutes on the daily premium card. 
The time allowed is added to the points produced during the day, 
as illustrated above in the case where 16 min. were added for the 
rest periods. 

Delays are also divided into two classes (see Figs. 105 and 106) 
as follows: 

1. Lost- time, department responsible, as: 

a. Machine holdups. 

b. Waiting for work. 

c. Material trouble, 

2. Lostz-time, department not responsible, as: 

а. Rest periods. 

б. Early quit (women employees). 

c. Fire drill. 

d. Lunch (*‘ shift” work). 

Time Study. 

Stop-watch time study is usually the most convenient and 
satisfactory method of setting point standards. The methods 
employed are similar to those used by most industrial concerns 
with the exception that considerable attention is given to rating 
the operator being timed. It was stated previously in the 
definition of a point that it was based on the amount of work 
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done in 1 min. by an average operator working without incentive 
and that this rate would be called a 60-point hour. It is evident 
that in timing new operations it will be almost impossible to find 
an operator working at just a 60-point hour. It, therefore, 
beconies necessary for the time-study observer to have the 
standard 60-point hour speed well fixed in his mind in order that 
he may be able to rate other operators using this average operator 
as his measuring stick. 

If a drilling operation, for example, is to be timed and the time- 
study observer rates the particular operator at a 65-point hour, 
he is indicating that this operator is working faster than the 
standard and that in order to set uniform point standards it is 
necessary to use this factor to get the standard back to the 
60-point hour basis. The exact method for doing this is explained 
in Chap. VIII. 

Departmental Checker. 

A checker is maintained in each department or building to 
see that the operators are turning in their work on the proper 
operation number, that the count is correct, that the new work 
is turned in on ‘‘production at 60^^ until point standards can be 
set up, etc. Also, the checker makes out the daily premium 
cards. The checker is directly under the superintendent in 
charge of the point system and is not responsible to the production 
foreman in the department. 

Daily Premium Card. 

Figure 103 shows a common type of daily premium card which 
is made out by the checker in the department. He enters the 
information in columns 1, 2, 3, 4, 6, 6 (the inspection department 
in some cases necessarily fills in column 6). The cards are sent 
to the pay-roll department at the end of the day and they fill in 
all other information and calculate the premium and total 
earnings for the operator. 

The premium card summarizes all of the work done by the 
operator in one day. John M. Simms did three jobs during the 
day of July 23, as the premium card shows (Fig. 103). The first 
job, ‘‘form switch arm,” has a standard time of 1.3 points per 
piece. Simms did 125 pieces in hr. The points earned 
for this job are 162, or (125 X 1.3 162). For the day the 
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points earned on all three jobs are 615. The time actually 
"worked is 8% hr. The operator’s point hour is : 

61 

The operator’s base rate is 60 cts. per hour in this case. He 
works 8^^ hr., so his base earnings for the day is 60 X 8^4 = 
$5.25. 

Premium is: 

Points made = 615. 

Minutes worked = 525, 

Premium points = 615 — 525 = 90. 

Premium = X 0.60 X '^4 = $0.68 (equivalent to the 75 
per cent Halsey plan). 

Total earnings for day: 

5.25 + 0.68 = $5.93. 


WEO NO AND NAME B3Z74- John M Stmms DATE Jw/y 23,^92S 
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Fig. 103. — Daily premiurn and time card. A card like this is made out 
daily for each productive operator. A green card is used by nonproductive 
labor. 


Premium Posting Sheet. 

A premium posting sheet giving the operator’s point hour, his 
premium earned, and the total number of points produced for 
the previous day is posted in the department for the benefit of 
the direct labor working there. Figure 104 shows how the 
posting sheet appears; and the arrangement is such that the 
operator can tell at a glance just what he earned the previous day, 
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and if there are any misunderstandings they can be settled at 
once. There is also a very valuable psychological advantage 
to posting the efficiencies (point hours) of all of the workmen in 
a department, as it stimulates a spirit of competition among 
them. 

Indirect Labor. 

It is possible, in most cases, to place nonproductive or indirect 
labor on a standard in such a manner that such time will be 
prorated according to the productive work done in the depart- 
ment and they will participate in the premium. The foreman, 
for instance, will receive a premium based upon the supervision 
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Fig. 104. — Premium posting sheet. This sheet is posted daily in the depart- 
ment for the benefit of the operators. It tells each workman his point hour and 
his premium for the previous day. A new sheet is started each week. 


point hour of his department. For example, if the departmental 
supervision point hour is 80 for the week and the foreman receives 
$1.10 base rate per hour and works 48 hr. per week, then his base 
earnings will be $52.80 (1.10 X 48 = 52.80). It is customary 
in most plants employing the point system to give all indirect 
labor the full premium (or equivalent to a 100 per cent Halsey). 
The premium then will be $17.60, (48 X 80 = 3,840 points at an 
80-point hour); (48 X 60 = 2,880 at a 60-point hour); 3,840 — 
2,880 = 960 indirect premium points; Premium earned is 
X 1.10 == $17.60. The total earnings of the foreman for 
the week would then be $52.80 + $17.60 = $70.40. 

It is apparent that the more the direct labor earns the more 
the indirect labor will earn, and it should be so arranged that 
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the more effective the indirect labor the more the direct labor 
can produce and in turn the greater its earnings will be. This 
will be explained more fully in the following chapter. 

Analysis Sheet. 

The analysis sheet (see Fig. 106) is intended primarily to show 
supervision' the total efficiency of direct and indirect labor, 
together with their cost, and to indicate in detail the reasons for 
any variations from standards previously set for the department. 

The final figure, known as the supervision point hour, is the 
total measure of both efficiency and cost of direct and indirect 
labor in the department for tlje period and is used as a basis 
for determining the premium for all indirect labor and super- 
vision for the department. 

Column 1. Date. The analysis sheet is made out each day 
(in some departments, each week), and it is in the hands of the 
foreman by the noon following the day for which the data apply. 
This gives the foreman a picture of his operating efficiency while 
the details and peculiar conditions are fresh in his mind. It 
enables the executives to correct undesirable conditions soon after 
they are detected. 

Column 2. Equivalent number of employees on direct opera- 
tions. The sum of all the hours worked in the department is 
taken from the time cards for the department. This is 249.0 hr. 
for the day, Aug. 14, 1930. From this is subtracted the indirect 
hours worked in the department. This sum is taken from the 
department time summary sheet (Fig. 106). (It is 3,812 60 = 

63.5.) Since 7.75 hr. have been allowed for the janitor budget, 
this will be subtracted from the total indirect labor: 63.5 — 
7.75 = 55.75 net indirect hif. 

The direct labor is then the total minus the indirect or 

249 ~ 63.5 = 185.5 direct hr. 

185.5 -f- 8 = 23.2 equivalent number of employees on direct 

labor (8-hr. day). 

Column 3. Equivalent number of employees on indirect opera- 
tions. 

Net indirect hours (see under column 2) = 55.75. 55.76 -5- 

8 « 6.98. 

Column 4. Actual time in hours on direct operations =*= 185,5 
(see under column 2). 
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Departmental Time Summary Sheet 
Summary of labor tickets for analysis sheet 

Points from production at 60 103 = 103 

Points for allowances: 

Machine breakdown 25 

Wait for work 15 

Power off 25 

Time in hospital 18 

83 

Minutes (points) for indirect labor 

Supervision 550 

Clerical 712 

HandlinR 1 , 055 

Maintenance 200 

Set-up 450 

Inspection 380 

Janitor 465 


3,812 

Total of production at GO, allowances 

and indirect, minutes - 3,998 

Total points produced 17,180 

Production at 60, allowance, indirect points. . . 3,998 


Total direct points 13 , 182 

Total indirect (labor) points 3,812 

3,812 60 == 63.5 total indirect hours. 

Janitor work 465 min. 

/. 465 60 = 7.75 hr, 

63.5 — 7.75 = 55.75 net indirect hours. 

Total pay roll on Aug. 14, 1930: 

Supervision $ 7.34 

Clerical 6.50 

Handling 8.80 

Maintenance 1.69 

Set-up 4,50 

Inspection 4.13 

Janitor 3.72 


Total indirect cost $36 . 68 


Fig. 106. — Departmental time summary sheet showing the summary of time 
cards. These data are used for the analysis sheet. 
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Column 5. Actual time in hours on indirect operations = 
55.75 (see under columns 2 and 3). 

Column 6. Actual time in hoursj total hours. This is the 
total of all indirect (minus any indirect labor on a budget, as 
janitor) plus direct labor hours in the department for the day. 
Columns 4 and 5 == 185.5 + 55.75 = 241.25. 

Column 7. Direct points produced^ operators on standard. 
The departmental summary sheet contains the total of all points 
produced by the department. This is 17,180. By subtracting 
from this total all production at 60, allowances, and indirect 
points, the difference will be the total direct points. 17,180 (total 
from the summary sheet, Fig. iOO) — 3,998 (from summary 
sheet, Fig, 106) = 13,182 total direct points. 

Column 8. Direct points produced , operators not on standard 
{time turned in oi 60 points per hour worked). This is work for 
which there are no standards that apply. This is taken from the 
time cards and is shown on the departmental summary sheet to 
be 103 points or minutes. 

Column 9. Total direct points produced. This is the sum 
of the column 7 + column 8 = 13,182 + 103 = 13,285. 

Column 10. Direct points to be deducted for spoiled work. 
If an operator or the department is responsible for spoiling any 
work, the point standard for the ‘spoiled work is subtracted from 
those produced. This is shown on the time cards and on the 
departmental summary sheet to be 126 points for the day. 

Column 11, Net total points. This is the net amount of 
production turned out by the department and is equal to column 
9 — column 10 = 13,285 — 126 = 13,150. 

Column 12. Operators' point hour. This is an index of the 
speed of all direct operators in the department working on opera- 
tions on time standards. It might be termed the operators^ 
efficiency with 60 as a basis 

points produced on standard 
^ hours used to produce the points 

Direct points produced = 13,182 (column 7). The time on direct 
operations from column 4 is 185.5, but this figure includes: 

Production at 60 (column 8) 103 

Lost time, department responsible (column 13) . . . 40 

Losf time, department not responsible (column 14) 43 


186 points. 
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This sum (186 points) must be subtracted from 185.5 hr. to get 
the time actually used to produce the 13,182 points. 

185.5 - (i8%o) = 182.4 hr. 

10 1QO 

Operators' point hour .... ^ = 72. 

Column 13. Allowed time in points ^ lost time, department 
responsible. The department is held responsible for getting out 
production, and any delays due to or caused by the department 
will be charged against it under this allowance. Columns 39 
to 45, inclusive, show some things for which the department is 
responsible. The data in columns 39 and 40 as obtained from 
the time cards and the departmental summary sheet = 25 + 
15 - 40. 

Column 14. Allowed time in points, lost time, department not 
responsible. This is the sum of columns 46 to 52 (from time cards 
and the departmental summary sheet) : 

Column 48 + column 50 = 18 + 25 = 43. 


Column 15. Department point hour. This is an index of the 
speed of the department and includes everything with the excep- 
tion of allowances, department not responsible (column 14) 


net tota l pomte (column 11) 

direct hours (column 4) — lost time, department not responsible 


13,159 13,159 ^ 13,159 

186.6 - 186.5 - 0.72 ” 184.78 


71.4 (use 71). 


( 


column 14 
60 


) 


Column 16. Supervision minutes. The amount of time that 
supervision was used for the day = 550 min. This is taken 
from the departmental summary sheet (Fig. 106). 

Column 16a. Supervision ratio. 

Net total points (column 11 ) _ 13,159 
Supervision points (column 16) ~ 550 


= 23.9 (use 24). 


Column 17. Clerical. 

13,159 4- 712 = 18.5 (use 19). 
Column 18. Handling. 

13,159 4- 1,055 = 12.45 (use 12). 


Column 19. Maintenance. 

13,159 4- 200 - 65.8 (use 66). 

Column 20. Set^p. 

13,169 4- 450 =» 29.2 (use 29). 
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Column 21. Inspection, 

13,159 380 = 34.6 (use 35). 

Column 22. Janitor ^ not used (on a budget). 

Column 23. Total ratio. This is the ratio of direct points 
to one indirect point = sum of columns 16 to 22 divided into 
column 11 = 13,159 3,347 = 3.93 (use 3.9). 

Column 24. Date^ same as column 1. 

Column 25. Total pay roll for direct labor, 

1. Find the total pay roll by adding the base earnings and the 
premiums for all direct and indirect labor in the department. 
This is taken from the time cards and is $127.18. 

2. From the above sum subtract the total amount paid to 
indirect labor. $127.18 — $32.96 = $94.22. 

3. Find the premium paid to direct labor from time cards. 
Premium equals $11.12. Add one-third of this to the amount 
found above and the sum will be the total direct pay roll. The 
one-third is added because the standard cost is calculated on the 
basis of 100 per cent premium. 

94.22 + (“V-) = 94.22 + 3.70 = $97.92 total pay roll 
for direct labor. 

Column 26. Total pay roll for indirect labor. This is taken 
from time cards and summary sheet = $32.96. 

Column 27. Janitor budget, points used. Taken from time 
cards and departmental summary sheet = 465 points. 

Column 28. Janitor budget, in dollars. Taken from time 
cards and departmental summary sheet = $3.72. 

Column 29. Janitor budget, excess. The difference of stand- 
ard from actual. None in the above example. 

Column 30. Net total indirect cost. This is equal to column 
26 + column 29 = $32.96. Any excess in budgets such as an 
excess in the janitor ^s budget is added to column 26. Since 
there is no excess on this particular day, column 26 is equal to 
column 30. 

Column 31. Actual cost per 1,000 direct points 

, _ 97.92 (total amount of direct pay roll, col umn 25) 
i'3^59 (net total points, column 11) 

= 0.00744 actual cost per direct point. 

multiplying by 1,000 — $7.44 actual cost per 1,000 direct points. 
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Column 32. Standard cost per 1,000 direct points. Taken 
from the standard set-up (see Fig. 110) as $7.30. 

Column 33. Actual cost of indirect per 1,000 direct points 

— 32. 96 (net to tal indirect la bor co st (pay roll) column 26) 
13,159 (net total points, column 11) 

= 0.002504 per point or $2.50 per 1,000 points. 

Column 34. Standard cost of indirect per 1,000 direct points. 
$2,84 (see set-up sheet for department, Fig. 110). 

Column 35. Total actual cost per 1,000 dnect points. Column 
81 + column 33 = $7.44 + $2.50 = $9.94. 

Column 36. Total standard cost per 1,000 direct points. 
Column 32 + column 34 

= $7.30 + $2.84 = $10.14 (see Fig. 110). 

Column 37. Ratio of standard cost to actual cost. 

Column 36 _ 10.14 _ 

Column 35 9.94 

Column 38. Supervision point hour = departmental point 
hour (column 15) X ratio standard to actual cost (column 37) 
= 71 X 1.02 = 72. 

Column 39 to 45, inclusive. Allowances, department respon- 
sible. These data are taken from time cards and departmental 
summary sheet. 

Columns 46 to 53, inclusive. Allowances, department not 
responsible. These data are taken from time cards and depart- 
mental summary sheet. 



CHAPTER XII 


THE POINT PLAN. A SYSTEM OF WAGE PAYMENT 
AND LABOR CONTROL 

DETERMINATION OF STANDARD LABOR COSTS AND RATIOS 

In practically all manufacturiiig departments there are two 
classes of labor employed: first, direct, sometimes called pro- 
ductive labor, and second, indirect, or nonproductive labor. 
Indirect labor does not change the form of the product, and its 
cost cannot be applied (Lrectly against particular units. It is a 
relatively simple matter to place productive operations on time 
standards and apply either piece-rate or some other form of 
incentive wage. But in most cases nonproductive labor cannot 
be given definite tasks so easily as can productive labor, and 
consequently it is more difficult to give wage incentives to this 
class of labor. It, therefore, may become necessary to base the 
bonus or incentive, if one is to be given to the nonproductive 
workers, on the output of the productive operators of that 
department. If, for example, one helper in the assembly depart- 
ment supplies material and takes away the assembled units 
for 15 men, then to a certain extent the output of these 15 pro- 
ductive men is dependent upon the serv ices of the helper. If 
under standard conditions it requires just one helper for 15 men 
on this assembly work, then the more work these men do the 
more work the helper will have to do. So it would be fair and 
logical to give the helper a bonus based on the output of the 
direct or productive labor of the department. In a similar way, 
the foreman, supervisors, repair men, janitors, aqd other nonpro- 
ductive labor could be rewarded for their increased effort. 

Time Studies of Nonproductive Labor. 

The question immediately arises as to the method of determin- 
ing the number of productive workers that should be served by 
each nonproductive man. In the above example, how is it 
known that one helper will serve just 15 productive workers, 
assuming that both the helper and the productive workers are 

235 
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working at 100 per cent efficieney? There is only one accurate 
way to determine this, and that is to make a time study of the 
work done by the helper. It is assumed that the productive 
labor is already working on jobs having time standards, and so 
the efficiency of these men can easily be found by referring to 
the records. The nonproductive time study of the helper would 
usually last a whole day or perhaps several days, and at the same 
time that the helper is being studied, all of the other nonproduc- 


Operation: Janitor in department 23 


Name and number: R. S. Miller, 26378 

Foreman: William Jones 

Department 23 

Date: Oct. 7, 1929 

Observer: R. 8. Gray 

Begin: 7:30 a.m. 

Finish: 12:00 

Elapsed: 4.5 hr. 


Description of elements 

Divide into (1) supervision, (2) 
clerical, (3) handling, (4) mainte- 
nance, (5) set-up, (6) inspection, 
(7) janitor. 

Stop- 

watch 

r('ad- 

ings 

Actual 

i 

1 

Rat- 

ing 

With 

rejst 

and 

delay 

allow- 

ance 

Stand- 

ard 

Place ice in water fountain 

G.IO 

6.10 

65 

69 

7.02 

Get can full of oiled sawdust from 
barrel in store room 

9.50 

3.40 

50 

50 

2.83 

Sprinkle over floor of storeroom and 
sweep entire room 

18.35 

8.85 

60 

60 

8.85 

Repair door lock and hinges (store- 
room door) 

40.12 

21.77 

45 

45 

16.30 

Sweep entire shop floor i 

103.16 

63.04 

58 

58 

61.00 

Move five loads of castings to building 
39 (2,000 lb. to ^ach skid load) 

129.22 

26.06 

60 

60 

26.06 

Personal , 

135.40 

6.18 



6.18 

Dust foreman’s office 

148.31* 

12.91 

50 

50 

10.75 

Dust windows ai^d exits of building 
(this is done only once each month) 

K 4 

169.46 

21.15 

45 

45 

15.85 

Sweep loading platform 

201.38 

31.92 

58 

58 

30.85 

Oil conveyors in assembly line 

236. 17 

34.79 

1 58 

58 

1 33.60 

Get office supplies for time clerk .... 

252.10 

15.93 

1 60 

60 

j 15.93 

Sweep stairways to second floor. . . . 

260.20 

8.10 

55 

55 

7.42 

Dispose of sweepings to can 

262.43 

2.23 

40 

40 

! 1.48 

Quit early 

270.00 

7.57 



7.67 


Fio. 107. — Nonproductive study. 
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tive workers in the department would be studied also. This is 
done as far as possible. 

The superintendent of the department and the time-study 
observer would try to select a time for making this nonproductive 
study when the conditions in the department were about normal 
or standard, that is, when there was an average amount of 
productive and nonproductive work being done. This is desira- 
ble because the time studies that are made on these one or two 
days must be taken as representative for the week or month. 
After the studies are made, it is then possible to analyze them 
and determine the standards for the department. 


Janitor 

Maintonancc 

j Lost time 

Handling 

j Personal 

7 02 

16 30 


26 06 

6 18 

2 83 

8 85 

61 00 

10 57 

0.66 (15 85 -i- 24) 
30 85 

7 42 

1 48 

33 60 

1 

1 

7 57 

15 93 



Fio 107a — Summary of nonproductive study of janitor. 


The standard will be based on the units of productive work. 
Thus, if one handler spends 8 hr. or 480 min. per day and does 
all of the handling in the department and if there are 15 produc- 
tive workmen working 120 hr. (15 X 8) or 7,200 min. per day, 
then the standard handling ratio for the department would be 
7,200 -f- 480 — 15. Or for every 15 min. of productive work, 
1 min. of nonproductive handling would be required. This 
assumes that the lfli||pen as well as the helper work at 100 per 
cent efficiency. 

It is desirable in some departments to divide all nonproductive 
work into the following classes; 

1. Supervision. 

2. Clerical. 

3. PandUng. 

4. Maintenance. 

6. Set-up. 

6. Inspection. 

7. Janitor. 
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For example, the foreman of the department may find it 
necessary, for the greatest efficiency, to spend the majority of 
his time on supervision, with some time devoted to clerical work 
and some to inspection. So the janitor may spend part of his 
time on janitor work, some on maintenance, and some on han- 
dling. Figure 110 shows the analysis made in a manufacturing 
and assembling department. 

1. William Jones, foreman. Base rate 80 cts. per hour. 

250 min. at a 82-point hour = 342 points, supervision. 

180 min. at a 75-point hour = 225 points, elorical. 

50 min. at a 68-point hour = 57 points, inspection. 

480 ^4 

2. H. J. Thomas, assistant foreman. Base rate 70 cts. per hour. 

220 min. at a 60-point hour = 220 points, supervision. 

190 min. at a 65-point hour — 206 points, inspection. 

70 min. at a 68-point hour = 79 points, clerical. 

3. J. S. Story, helper. Base rate 50 cts. per hour. 

400 min. at a 70-point hour — 466 points, handling. 

80 min. at a 60-point hour = 87 points, janitor. 

4. William 8. Black, helper. Base rate 50 cts. per hour. 

420 min. at a 64-point hour = 448 points, handling. 

60 min. at a 60-point hour = 60 points, janitor. 

5. R. 8. Miller, janitor. Base rate 48 cts. per hour. 

300 min. at a 65-point hour = 325 points, janitor. 

110 min. at a 58-point hour = 106 points, maintenance. 

70 min. at a 54-point hour = 63 points, liandling. 

6. A. A. Williams, clerk. Base rate 55 cts. per hour. 

315 min. at a 70-point hour = 368, clerical. 

165 min. at a 65-point hour = 179, inspection. 

7. Robert Clark, set-up man. Base rate 60 cts. per hour. 

312 min. at a 78-point hour = 406 points, set-up. 

119 min. at a 72-point hour = 143 points, maintenance. 

49 min. at a 65-point hour = 62 points^ clerical. 

Fig. 108. — Nonproductive summary and classificallfc sheet (data taken from 
nonproductive time studies). 

, On the day that the nonproductive time studies were made, 
the time cards for the productive operations in department 23 
were analyzed and the number of points at the different base 
rates were recorded in tabular form as indicated in Fig. 109. The 
horizontal line A indicates the base rates, and the numbers at 
C show the total points worked. For example, productive opera- 
tors did 1,990 points at a base rate of 34 cts. per hour during 
the day of Oct. 7, 1929 (the day the nonproductive study was 
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made in department 23). Also, 780 points were produced at a 
base rate of 38 cts. per hour, etc. The direct-labor pay roll for 
the day was $89.66, which checks with data in Fig. 109. The pay 
roll divided by the number of hours worked gives the weighted 
base rate” or the average direct-labor wage per hour. This is 
shown to be $0.43818 per hour for the department. By dividing 
this hourly rate by 60, the standard productive (or direct-labor) 
cost per direct point will be $0.007303, as shown, or $7.30 per 
1,000 direct points. 


.! o.;i4 

j 0.38 

1 * 

1 0.42 

0.46 

0.50 

0.54 


360 

! 300 

; 480 

126 

480 

125 


182 

1 480 

36 

1.38 

240 

460 


62 

1 .... 

480 

120 

480 

78 


110 


2,630 

40 

1,960 



1 35 

i . . 

25 

1,250 




46 



! 360 




125 1 







4 SO 







120 







50 







420 






1,990 

780 

3,651 

2,034 

3,160 

683 


Honrs 


1,990 -f- 00 = 33 2 X 0.34 - 11.28 

780 - 00 - 13.0 X 0.38 = 4.94 

3,051 ^ 00 = 00.8 X 0.42 = 25.56 

2,034 - 00 = 33.9 X 0.46 = 15.59 

3,100 - 00 = 52 6 X 0.50 = 26.33 

603 ^ 00 = 11.0 X 0.54 = 5.96 


12,278 - 00 = 204.6 


Total direct-labor pay roll = $89 . 66 

89 66 

^4 6 ~ 0.43818 weighted base rate for productive labor. 

0 43818 ^ 

Then “gg — 0.007303 standard productive cost per point. 

= $7.30 standard productive cost per 1,000 direct points. 

Flo. 109. — Weighted base rates for productive labor. 

Calculation of Nonproductive Labor Costs. 

The table in Fig. 410 is divided into seven vertical columns 
with headings for each of the seven nonproductive classifications* 
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The information from Fig. 108 is analyzed and placed in the 
proper column of the table in Fig. 110. For example, the fore- 
man, William Jones, worked at an 82-point hour for 250 min. 
(that means that he did 342 points of work) on supervision during 
the day. So this figure 342 is placed in the table in Fig. 110 
opposite William Jones' name and under the column headed 
Supervision. Since his base rate is $0.80 per hour, that is placed 
opposite the number of points earned. In a similar manner 
the remainder of the nonproductive data is taken from Fig. 108 
and placed in the table in Fig. 110. Then all of the vertical 
columns are added and the weighted base rate is found for each 
nonproductive classification. For supervision, 562 points were 
used during the day at an average rate of $0,762 per hour. 

From Fig. 109 the total productive points for the day of Oct. 
7, 1929, was 12,278. The total nonproductive points for super- 
vision for that day was 562 (Fig. 110), therefore the supervision 
ratio is equal to the productive (direct-labor) points divided 
by the nonproductive supervision points, or 12,278 562 = 21.84 

(use 22). This ratio means that for every 22 direct-labor points 
produced there will be required 1 min. (point) of supervision. In 
a similar manner the ratios are determined for the other non- 
productive classes (see Fig. 110). The total nonproductive ratio 
for the whole department is found by dividing the total produc- 
tive points by the total nonproductive points, or 12,278 3444 

= 3.565 (use 3.6), meaning that for each 3.6 productive points 
worked in the department there will be required 1 nonproductive 
point. 

Referring to the calculations made on Fig. 110, if the super- 
vision ratio is 22 then the reciprocal of this is 0.047205, meaning 
that for each productive point worked 0.047205 supervision 
nonproductive point will be required. If the average base rate 
per hour for supervision work is $0,762, then the cost per minute 
would be $0,762 -r- 60 and the cost per direct point would be 
0.047205 X 0.762/60 = $0.0005994. In a similar manner, the 
cost can be found for all of the nonproductive classes, and the 
total of these is equal to $0.0028379 for the nonproductive labor 
(since the janitor work is placed on a budget, this is not included). 

The standard productive labor cost per direct point was found 
(see Fig. 109) to be $0.007303. Therefore, the total cost per 
direct point will be the sum of the nonproductive-labor cost and 
the direct-labor cost per direct point, or $0.0101409 ($0.0028379 
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+ $0.007303). Since it is easier to speak and to think in larger 
sums of money, if the total is multiplied by 1,000 then the total 
standard labor cost per 1,000 direct points will be $10.14. 

The nonproductive labor cost is one of the factors in a depart- 
ment over which a foreman has complete control. He is respon- 
sible for getting the production out for his department and he 
uses a certain amount of nonproductive labor to aid him. The 
standard ratios give the exact amount that has been allowed 
him. If he cai; in any way reduce the amount of nonproductive 
labor used, he will be able to lower his nonproductive pay roll 
and show an efficiency in this respect of over 100 per cent for his 
department. While, if he uses more nonproductive labor than 
the ratios call for, his indirect pay roll will be higher than the 
standard and his efficiency will be lower than 100 per cent. In 
either case the exact cause of this variation from the standard 
will be shown. It is apparent that the departmental analysis 
sheet presents a fairly complete picture of operating conditions 
in the department. 

Summary. 

The point plan of wage payment contains very few original 
features and it is not by any means a complete “system of con- 
trol, for it deals, in most cases, with labor only. The value 
in using such terms as “ point, “manit, or “productive 
minute, should not be overestimated since many manufacturers 
are dealing with the same thing in setting standard times and 
they use the common term “standard minute and base their 
operators’ efficiencies on 100 per cent as the standard. 

The point plan, however, has come into wide use within the 
past few years and it is used so successfully in many of our indus- 
tries tpday that it deserves considerable study and thought. 
The system is not a made-to-order set of forms, methods, or 
rules, but combines many of the basic fundamental principles 
of management. For this reason it can be adapted to fit prac- 
tically any set of conditions. 

The features which make the point plan work out so well 
in practice and which bring about such large savings^ to manage- 
ment might be summarized as follows: 

^For specific illustrations see “Observation of the Bedaux System of 
Wage Payment,’^ Policyholders Service Bureau, Metropolitan Life Insur- 
ance Co. 
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1. The point plan provides an incentive for direct labor. 

а. Guarantees a day rate. 

h. Based on stop-watch time studies. 

(1) Operators are rated and the standard is set on the 
basis of an average operator. 

(2) Proper allowances are made for rest and delays. 

(3) Normal time and ‘^process allowances'^ are intro- 
duced to make the time standards more accurate. 

c. Posting sheets are used to inform the operator just what 
his point hour (efficiency) was for the previous day, as 
well as his bonus if he earned one. 

d. Guarantees not to cut the standards unless there is a 
change in the method. 

б. Determines the daily point hour (efficiency) of each 
workman, which makes ‘it possible for the employees in 
different departments or plants to compare their stand- 
ing. This feature is of value from a psychological point 
of view. 

2. The point plan provides an incentive for indirect labor, 
a. The basis for this incentive is an over-all figure which 

combines the efficiencies of the direct labor in the depart- 
ment and the ratio of standard labor costs per point to 
the actual labor costs per point. This gives ^n incentive 
to all indirect labor to maintain a high direct-labor output 
and at the same time to keep the actual cost in the depart- 
ment as low as possible. 

3. The point plan shows by means of the analysis sheet the 
conditions in the department and gives one figure the super- 
vision point hour which is an over-all index of the general 
efficiency of the department. This supervision point hour 
is useful in making comparisons from week to week and 
in comparing one department or one factory with another.^ 

^ The following paragraphs are taken from the report of a study which 
was made of the point plan as it is used by several leading manufacturers: 

“The outstanding feature of the point system is that it works. It works 
because it is based on a combination of psychological factors which have a 
favorable reaction on the worker's mind; it offers incentive for extra work, 
it furnishes an accurate measuring device to show the worker when he has 
done well and when he has done poorly, and it enlists the administration in 
the person of the foreman in planning the work to avoid delays and 
interruptions. 
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Limitations of the Plan. 

1. Cost. 

a. The cost of installing the point plan is likely to be rather 
high, since time studies are necessary, and then, after 
all, or practically all, direct labor is on the incentive 
plan a complete nonproductive study is made and the 
cost ratios are determined. 

h. If there is a very great change in the methods, or in the 
arrangement of the work, or if there is a considerable 
increase or decrease in output, it is very often necessary 
to make new nonproductive studies and determine new 
ratios. This, of course, is costly. 

c. It is necessary to have, in each department, men (depart- 
mental checkers) who supervise the collection of the 
data for making out the posting sheets, analysis sheets, 
etc. The usual time clerk takes care of the routine, 
but supervision is required. 

The system is so devised that the direct worker helps himself, his fellow 
nonproductive worker, and his company by increasing his rate of output. 

“The laborers are protected against individual hourly rate changes as 
well as against changes in the basic standards. The general level of wage 
rate is, of course, adjusted under this plan as under most others in accord- 
ance with market conditions, but the individual worker is not likely to be 
discriminated against by a foreman who tries to raise the rates of his 
favorites. With the posting-sheet information on premium points and 
rates of pay conspicuously posted each day, there was little opportunity for 
unfair discrimination in rates of pay. Ordinarily, all men in the same type 
of work received the same hourly rate of pay. 

“The relative efficiency of laborers was so clearly indicated in a form 
that could readily be used that the management found it an aid in placing 
men where they would be most useful. The worker who had been placed 
in a job for which he was not suited showed a low point hour. He was 
shifted then to other work where he had a better opportunity for increased 
earnings. This change is likely to be made more quickly under the point 
system than under other conditions where a ready indicator of individual 
effectiveness is not available. Similarly, the worker was kept where he 
earned the most, since it was here that he was most valuable to the 
management. 

“A worker of a low grade of intelligence may find it difficult to grasp 
the meaning of the point. Nevertheless, any laborer is capable of earning 
a premium if placed at a job for which he is fitted, and he will not fail to 
notice the additional earnings in his pay envelope, even though he may not 
comprehend the system. 

“The management finds as many advantages in the application of the 
plan to productive workers as the laborer himself, for the company benefits 
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d. From a glance at the posting sheet and the depart- 
mental analysis sheet, it is evident that considerable 
clerical work is required to handle all of these records, 
computations, and postings. Pay-roll calculations are 
also expensive items under this plan — no more so, how- 
ever, than under some other incentive plans of wage 
payment. 

2. In installing the point plan, little or no thought is usually 
given to the improvement of methods when the original 
time studies are made. It is generally conceded that a 
large part of the value of a time study results from the 
improvements that are made in methods or equipment, 
and if this is slighted there is undoubtedly a just criticism 
that could be made here. 

3. As with many incentive plans of wage payment, more rigid 
inspection is required and there is a tendency for the quality 
of the work to be lowered. The point plan is not, however, 
so bad in this respect as some other incentive plans. The 
piece-rate plan, for example, puts a money value on each 

as much from the elimination of favoritism in setting wage rates as its 
employees. This elimination of favoritism saves unnecessary expense and 
fosters goodwill among the employees. The posting sheet shows the 
management clearly to what extent rates differ for the same work. If 
differences are evident, they can be investigated; while if they are not 
shown, the company may be losing money and stirring up discontent without 
knowing it. 

^^The posting sheet, moreover, tends to stimulate competition among 
workers and to arouse a feeling of pride in accomplishment. The com- 
petition may be not only between individuals in the same department but 
also between any two individuals in the plant, between whole departments, 
and even between different plants. 

‘‘The nonproductive worker gains from the operation of the point system. 
He is actually rewarded for increased effectiveness. He is made partly 
responsible for the rapid output of productive workers to whom he furnishes 
materials, supplies, and services. Each group gains from having the other 
group interested in its success. 

“The foreman finds in the supervision premium a direct reward for 
improved efficiency and savings in total labor cost. His control of the men 
in his department is greatly facilitated by the facts which the point-system 
records present in clear form. The foreman is dealing with actualities and 
can basfe his decisions on them, whether they appear in the individual record 
of laborers or in the group summaries which show both effectiveness and 
economy of operation,^^ Ha/rvard Business Rev.y vol. VI, No. 2, p. 224, 
January, 1928. 
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piece, and this serves to emphasize the necessity for speed 
at any cost, which is not so much in evidence when the 
operator is producing points rather than dollars. The 
point plan has been modified in some plants to place an 
incentive on both quality and quantity, and where these 
two are used as a basis, the above criticism does not hold. 

4. It is customary under the point plan for direct labor to be 
paid only 75 per cent of their earnings above a 60-point 
hour. The remain^g 25 per cent is placed in a special 
fund from which the premium is paid to indirect labor 
(foremen, helper, janitors, etc.). There has been consider- 
able criticism of this phase of the plan, since it is not at all 
unlikely for the direct labor to feel that part of their earn- 
ings are being given to the indirect labor. The B. F. Good- 
rich Rubber Company avoided this by modifying the 
Bedaux plan which they use. C. C. Shipman of the Good- 
rich Company^ makes the following explanation: 

^^When the organization with which the writer is con- 
nected installed the Bedaux system, a direct departure was 
made from former Bedaux installations in that the premium 
paid to the indirect labor as an incentive was paid by the 
company and had no influence whatever upon the wages 
paid the direct labor. The amount of premium paid was 
based on premium B’s (points) developed in the department 
and was a percentage of the base-rate earnings. 

^‘At the time ^Bedaux’ was installed, premium was paid 
only as an incentive for labor effectiveness; later it was 
found desirable to influence this premium by accomplish- 
ments on control of waste, machine maintenance, small 
tools, and supplies, quality of product, and cement and 
oils. Operating budgets were set on these various functions 
and the progress collected with the labor on the Bedaux 
analysis sheets, showing labor effectiveness and labor 
effectiveness modified by expense items. Premium is now 
paid on a modified application. 

^^The standards set are workable, are competitive between 
departments, and have changed the viewpoint of our fore- 
men to that of managers. The scheme is psychological 
and has created interest which has resulted in the develop- 
ment of the operating personnel. 

^ Gotm, Oscab, Coordinating Wage Incentives and Production Control, 
Tram, vol. 60, No. 10, MAN-60-8, p. 54, January- April, 1928. 
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‘^During the first year in which this system was used the 
above items were reduced to an appreciable level, resulting 
in savings to the company many times the cost of the 
premium paid. 

5. In some plants the nonproductive labor is divided into a 
great number of subdivisions (see columns 16 to 23, Fig. 
105) and an attempt is made to separate or classify, into 
these divisions, the work done daily. It is evident that 
this is a useless waste of time in many cases. For examplcj 
where a janitor does some work involving handling, some, 
maintenance, and some work classed as janitor work it is 
quite often impractical for this man to stamp a time card 
when he changes from one kind of work to another. Much 
wasted effort might be saved if all indirect labor were 
combined and the total ratio used. In some plants this 
idea is now being adopted to an advantage. 

6. The point plan does not control direct or indirect material 
costs, or total unit costs. Perhaps this is not desirable 
in some cases but it must be thoroughly understood that 
cost ratios on the analysis sheet are not total cost compari- 
sons but only a partial analysis.^ 

^ The following paragraphs are taken from the report of a study which was 
made of the point plan as it is used by several leading manufacturers: 

‘‘There are limitations to the adoption of the plan, however. First, 
there must be good management, at least at the top, which can lead and 
inspire those beneath. If one seeks a panacea for industrial ills and is 
unwilling that it should require effort on his part, he should leave the f)oint 
system alone. 

“The second limitation to the use of the system seems to be the cost of 
time studies. If a company does not have a large volume of business to 
absorb the engineering costs involved, it may find it more economical to 
try a less effective method. Again, the cost is likely to be too high for a 
company with many unlike operations and thousands of standards to be set, 
even if the total volume of business appears to be adequate. 

“In plants in which the speed of production can be adequately controlled 
by the speed at which the conveyor sy stem of the assembly line is regulated, an 
incentivewage system and engineering standards forwork maynot be required. 

“Perhaps the most striking feature of the system from a general point of 
view is its flexibility. A representative of a large company stated that 
‘the system is so broad in meaning and the application can be so differently 
applied’ tjjat a resume of his complete experience would be too long to 
embark upon. This flexibility is a source of strength. Instead of a plan 
that is forced upon a management without a change, point-system principles 
are offered management as tools to be developed and applied as the needs 
of the particular case and men require.” Harvard Business Rev., vol. 
6, No. 2, p. 230, January, 1923. 
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MANUFACTURING COSTS 

Manufacturing transforms raw material into finished products 
through the use of labor and equipment. For example, in the 
packing industry the live animal would be considered the raw 
material and the marketable cuts of beef and pork the finished 
product; while in the machine-tool industry, steel, brass, and 
cast iron are the raw materials from which the finished machines 
are made. Since manufactured products are, in general, sold 
in a competitive field, and since economy in production is of 
primary importance, some method of finding costs must be 
developed. 

The earliest cost systems to be used were simply records of 
labor, material, and overhead expenses that entered into the 
production of an article. The total cost was calculated, in most 
cases, after the manufacturing operations were all completed. 
Such a cost system gives only a historical record. It is desirable 
to have this information, but to be of greatest value, costs should 
be available for measuring and controlling the operating efficiency 
of the plant from day to day. Costs should be considered as a 
tool to be used by management in the economical operation of a 
factory. 

This conception of costs as a measuring stick for management 
has led to the development of standard costs. It is common 
practice now to set standards and predetermine factory costs 
before the product is started through the manufacturing opera- 
tions. With such standard costs available the management then 
has something against which to measure actual costs. If these 
costs are found to run above the standard, it is known at once and 
action can be taken to correct the situation, whereas historical 
costs would not be available until the end of the period and would 
be of little value for control purposes. 

Even though the accounting system shows that the firm as a 
whole is making a profit for the year, it is desirable to know which 
of the products manufactured bring a profit, and which a loss, to 
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the company. Accurate cost analysis is needed for this purpose as 
well as to form the basis for fixing the selling price of the manu- 
factured product. 

Material, labor, and equipment are employed only when they 
‘^pay their way"' in the factory. Accurate costs of the proper 
kind show up those items which are not contributing their share 
and make it easy to prevent uneconomic practices. 

Elements of Factory Costs. 

The finished product is the result of one or more manufac- 
turing operations. The factory cost of this product is defined 
as the total cost of manufacturing it complete. This cost is 
made up of (1) direct-material costs, (2) direct-labor costs, and 
(3) the factory expense (sometimes called burden or overhead). 

Direct Material. 

By direct material is meant the material entering directly into 
the finished product in such a manner that it can be determined 
accurately as to cost and amount and can be charged to a specific 
production order. In the case of a carpen- 
ter’s hammer, for example, the amount of 
steel used for the hammer head and the 
amount of wood used for the handle can be 
accurately determined. These two material 
costs can be charged against a particular 
hammer or lot of hammers. However, the 
cost of the paint used in the spray gun for 
stenciling the small trade-mark on the ham- 
mer handle would be more difficult to deter- 
mine, since not only hammers but saws, 
axes, and other hand tools are marked with 
the same stencile and from the same spray 
gun in the course of a day. It is evident 
that the determination of the cost of the _ ,,, 

. , Fig. 111. — Elements 
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Therefore, those materials that indirectly affect the cost of a 
product, or are so small in magnitude that it is impractical to 
charge them directly to a specific product, would be classed as 
indirect materials and would enter into the cost of the article 
through the item of factory expense. It is desirable to allocate 
as much material as possible directly to the specific product, 
since this tends to make the cost determination for the product 
more accurate. Even if the indirect materials described above 
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Fig, 112. — A stores issue. {Courtesy of the Caterpillar Tractor Company.) 


cannot be charged directly against a specific product, they can 
very often be applied to the product cost by prorating this expense 
over the products made in the department, rather than throwing 
all indirect material costs into the factory expense and then dis- 
tributing that over all products manufactured in the entire 
plant. 

Stores Issue. 

A stores issue signed by the foreman, or some other designated 
person, is the authority for issuing material from the storeroom 
for production. The order number appears on each stores issue, 
usually in the upper right corner, and through this number the 
cost of the material is charged against the proper order by the 
cost department. Figure 113 shows a combination stores issue, 
notice of completion, and identification tag. This form is 
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used for requisitioning castings as well as steel stock. When it 
is used as a stores issue for bar stock, it also serves as the time 
card for direct labor for the ^'cut-off^^ operation. A specification 
sheet as well as a detail drawing is attached to this stores issue. 

Indirect material is not charged against any particular order 
but this cost goes into the factory expense account and is dis- 
tributed over the entire production of the factory in a manner 
to be explained later. 

Direct Labor. 

Direct-labor cost is represented by the wages paid to those 
working directly on the product. The wood-lathe operator who * 
turned out the hammer handles mentioned above produces a 
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Fig. 113. — Combination of stores issue, notice of completion, and identification 
tag. {Courtesy of the Gleason Works.) 


particular item and his wages while working on this job can be 
charged directly to the product made. However, the wages 
paid to the janitor who cleans up around the wood lathes as well 
as around the other machines in the building would be classed 
as indirect-labor cost. This labor cannot be easily associated 
with any particular hammer handle or lot of handles. Indirect-, 
sometimes called nonproductive-, labor costs go into the factory 
expense account and are distributed over the total factory output. 

Time Cards. 

In most factories direct-labor costs enter into the cost of the 
product through the use of time cards. A card is made out for 
each employee, and in many systems separate cards are required 
for each job or operation. Each card provides spaee for recording 
the beginning and ending time for each job and from this the 
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Fig. 114. — Time card for use with a tabulating machine. This card carries 
both the original written information and the corresponding punched holes. 
{Courtesy of the IrUemaiional Business Machines Cotporaiion ) 



Fia. 115. — Time card for a day’s work. This card was designed lor use in the 
eutter*hsed grinding department where the operator ordinarily completes several 
different jobs in one day. {Courtesy of ike Gleason Works,) 
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elapsed time is found. The sum of elapsed time as taken from 
the time cards for the day would, of course, equal the number of 
hours that the employee worked that day. The time cards are 
sorted by the cost department according to order numbers and 
in this way direct-labor costs are charged to the proper accounts. 
Time cards may serve a second function and be used as the basis 
for pay-roll calculations. In some systems the total time as 
taken from the time cards is used to check the totals on the pay- 
roll time cards which are stamped with the exact time of beginning 
work in the morning and again in the evening at quitting time. 

Figure 114 shows a very common type of time card with space 
for writing in the necessary information, and also carrying corre- 
sponding punched holes. By the use of sorting and tabulating 
machines and these cards it is possible to obtain the total labor 
costs mechanically. Figure 115 shows a different type of time 
card designed for a day's work. 

The time of beginning and ending an operation or job is usually 
marked on the time card by means of a clock-driven, numbering 
mechanism which prints the year, month, day of the month, and 
hour and minute of the day. The elapsed time is obtained by 
ordinary subtraction. In the case of straight day wage, the 
elapsed time multiplied by the hourly rate gives the labor cost 
for the job. 

It is clear that both direct-material and direct-labor costs 
can be accurately allocated to each finished product or each pro- 
duction order, and consequently each will bear its true share of 
these two costs. 

Factory Expense. 

There is a third class of costs that enters into the total factory 
cost of a product. This is called factory expense. Such costs 
as depreciation on buildings, tools and equipment; repairs; cost 
of power, light, and heat; indirect material; indirect labor; rent, 
insurance; etc., are certainly costs of production even though 
they cannot be specifically charged against any one production 
order. In fact, such expenses as rent, depreciation, taxes, insur- 
ance, ^and the like are present whether the factory operates 
at low or at full capacity. 

Since the factory is built and maintained for manufacturing 
purposes, the finished product leaving the plant must bear its 
of these expentm. 
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Methods of Distributing Factory Expense. 

There are many different methods for distributing factory 
expense but the most important ones might be hsted as follows: 

1. Direct material. 

2. Direct labor. 

3. Man-hours. 

4. Machine-hour rate. 

Distribution on the Basis of Direct Material, or Output. 

The total factory expense for a given period might be distrib- 
uted evenly over the total output of the factory for the same 
period. This method would be satisfactory only for industries 
manufacturing a single product such as, cement, lumber, and 
brick plants. 

Assume that for a given period the 

Total direct material charge = $100,000.00 

Total factory expense =*= 85 , 000 . 00 

Percentage of factory expense to indirect 
material = $85,000 -r $100,000 ~ 85 per cent 

This percentage will be applied to a particular order or lot 
in the following manner; 

Direct-labor cost for the job = $300 . 00 

Direct-material cost for the job = $1,000.00 

Factory expense = 85 per cent of direct material == 850.00 

Total cost = $2 , 150 . 00 

In cases where the expenses do not vary in direct proportion 
to the output, some other method of distributing expense must 
be used. Since most industrial concerns manufacture more than 
one product and since the relation of expense to output is not 
constant, the distribution of factory expense by this method is 
seldom used. 

Distribution on the Basis of Direct Labor. 

The method of distributing factory expense on the basis of 
direct-labor cost is perhaps the most widely used of any, due 
mainly to its simplicity of application. This plan is based on the 
assumption that factory expense chargeable to any one job varies 
as the direct labor expended on the job. 
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Thus, if the following data are assumed for a given period: 


Total direct-labor charge 
Total factory expense 

Percentage of factory expense to direct labor 


= $50,000.00 
- $60,000.00 
^ $60,000 
~ $60,000 


= 120 per cent or $1.20 for each dollar of direct-labor pay roll. 


The percentage is calculated from the cost data from the pre- 
ceding period. In industries where the relationship between 
factory expense and direct labor does not vary greatly from 
period to period, it is customary to apply the same percentage 
for an entire year, rather than calculate a new percentage figure 
each period. 

The method of distributing factory expense as a percentage 
of direct labor is at best only approximate and can be used satis- 
factorily only in those departments or industries where the wage 
rates are fairly uniform and where the nature of the work, proc- 
esses, and equipment is similar. There are several serious 
defects to the use of this method of distributing factory expense, 
one of the most serious being the difference in the cost of various 
pieces of equipment and machinery used in the plant. It is 
evident that an operation performed on a large surface grinder 
should be charged with a greater share of the factory expense 
than an operation taking an equal length of time but performed 
on a small drill press. There is no definite relation between 
the cost of operating equipment and direct-labor cost. 

In the case of two workmen using equipment of equal value 
but working with different degrees of skill and efficiency, one 
may perform an operation in 5 hr. and receive 70 cts. per hour, 
while the other may take 7 hr. to perform his operation and 
receive 50 cts. per hour for it. The factory expense would be 
the same on each of these jobs, where the expense is distributed 
on the basis of direct-labor cost. No provision is made by this 
method to distribute the expense either in proportion to the 
cost of operating the equipment or on the basis of the time that 
the equipment is in operation. 

However, if machinery and equipment of similar size and 
nature |tre located together in separate departments, it is often 
more satisfact-ory to determine a percentage figure for each of the 
departments and then prorate the expense incurred in each 
department over the work performed in that department on the 
basis of direot^labor cost as explained above. 
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Furthermore, during periods when business is decreasing, the 
percentage of expense will increase, since the total factory expense 
will not decrease in proportion to the decrease in labor used. 
This will result in adding a greater expense charge to the prime 
cost of the product; and in turn this will show an increase in 
manufacturing costs when the fault is really due to a lack of 
orders and not due to inefficiencies in the factory. 

Distribution on the Basis of Man-hours. 

This method is similar to that of distributing factory expense 
as a percentage of direct-labor cost. It differs, however, in 
that the basis is hours of direct labor instead of cost of direct 
labor. 

The following example will illustrate this method. Assume 
that the total direct labor used for the period is 80,000 hr. and 
the total factory expense is $48,000. Then the ratio of expense 
to man-hours is $48,000/80,000 = $0.60 per man-hour. 

In many cases, time forms a better basis for distributing 
expense than does either direct-labor cost or direct-material 
cost. However, the man-hour method, like the two others 
described, fails to take into consideration the value and size of the 
machinery and equipment used in performing the operations. 

Distribution of Factory Expense by Machine-hour Rate. 

On analysis of the elements that enter into factory expense, 
it is found that many of these elements can be definitely assigned 
to the particular machine. Many of these items are created 
because the particular machine is used and depend in amount 
upon the nature of the machine. There is greater expense 
incurred from the operation of an automatic screw machine than 
from a small bench lathe. In either case it is possible to analyze 
the expenses of operation into definite measurable factors. For 
instance, the screw machine would occupy several times as 
much floor space as the bench lathe. The cost of lighting, heat- 
ing, and ventilation, as well as the land and building charges, 
would vary directly with the floor space occupied by the machine. 

There are, however, certain cost items that will necessarily 
be prorated over the equipment in the whole department. The 
cost of supervision, tool-room attendents, departmental supplies, 
etc., are examples of expenses falling into this class. 



MANUFACTURING COSTS 


255 


Power is a cost that can be assigned definitely to the individual 
machine. The screw machine will require many times more 
power than the bench lathe. The exact amount of power con- 
sumed by each machine might be determined by placing meters 
on the machine, but that would ^not be practical in most cases. 
A close approximation can be obtained on the basis of rated 
horsepower of the machine, or of the motor, if individual motor 
drive is used. 

Depreciation, taxes, and insurance on each machine can be 
determined with a considerable degree of accuracy, and definitely 
allocated. 

If each item of expense is carefully studied and charged against 
each machine or production center, the total of these items divided 
by the estimated nUTnl>er of hours that the machine will run 
during the period will give the machine-hour rate. 

The greatest inaccuracy in the machine-hour rate results 
from the uncertainty as to the number of hours that a machine 
will be used during the period. If the machine operates just 
the estimated number of hours, the machine-hour rate will 
provide for all expenses incurred. However, if the machine is 
not used so many hours as estimated, there will be some expense 
that will not be charged off at the end of the period; while if 
the machine is used a greater number of hours than estimated, 
too much expense will be charged off and there will be a surplus 
created at the end of the period. 

Adjustments can be made by means of a supplementary rate 
which is set up to correct for inaccuracies in the machine-hour 
rate. Adjustments can also be made by setting up a special 
account to take care of the differences. These variations in 
expenses as provided by the regular machine-hour rate will 
tend to balance themselves over a period of time. Revision in 
the machine-hour rates would be made at definite periods. 

Calculation of the Machine-hour Rate. 

In order to illustrate the application of this method, the 
machine-hour rate will be calculated for a group of Milwaukee 
horizontal milling machines. Three of these machines are 
required for the manufacture of the flywheel clutches, as indi- 
cated in Prob. 6 on page 274. The dimensions of the production 
center are shown in Fig. 116. The production center includes 
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floor space for the machine, skid platforms, working area, and 
haK of the aisle leading up to the machine. 

The form shown in Fig. 117 is very convenient for use in 
tabulating the information needed in calculating the machine- 
hour rate. An explanation of the method used in determining 
the data for each of -these columns will be made here : 

Dimensions 
of the 
Producfton 
1 Center 
I Mdth MS ft. 

• Depth non 

J Area 24SSsqft. 


Fig. 116. — Layout for a group of three Milwaukf^e horizontal milling machines, 
showing the size of the production centers. 

Column 1. Machine number: M50 (see page 324 of Appendix A). 

Column 2. Name of machine: Milwaukee horizontal mill. 

Column 3. Overall dimensions of machine: 12.25 by 9.5 ft. 

Column 4. Rated horsepower of machine: 15. 

Column 5. Present value (new) : $4,440.00. 

Column 6. Scrap value of machine: $444 (estimated as 10 per cent of 
cost). 

Column 7. Estimated life of machine in years: 15 (see Appendix C). 

Column 8. Area of production center: 246.5 sq. ft. This area is deter- 
mined from the layout of the factory (see Fig. 116). 

Column 9. Number of machines in group : 3. The number is taken from 
the actual layout of the factory. 

Column 10, Hours in use per month per group: 481. This figure is 
estimated from past records and from estimated orders unless the output is 
accurately known. Since the milling machines are used for the manufacture 
of the flywheel clutches in Prob. 6, the time required is known from the 
calculations made in Fig. 19 of page 36. 

Column 11. Area covered by the group: column 8 X column 9 « 246.5 X 
3 = 739.5 sq. ft. (use 740). 

Column 12. Floor area chargeable to the group of machines: The area 
shown in column 11 is the space occupied by the group of machines, but 
part of the main aisles, foremen's and superintendent's offices, storerooms, 
etc., must also be charged to this group. 

Square feet 

Total area of shop ** 55,450. 

Total area of production centers « 33,402, 

Ploor.epHce factor 1.66. 
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Floor area chargeable to the group of milling machines = 740 X 1.66 = 
1,228 sq. ft. 

Column 13. Horsepower-hours per month per group; If the electric 
power used in the plant is metered to each department from the power-plant 
switchboard, it is possible to prorate the average power consumption in the 
department over the machines in that department. This distribution 
might be made on the basis of the horsepower rating of the motors used to 
drive each machine or on the basis of the rated horsepower (recommended 
by the manufacturer of the machine) of the machines if group drives are 
used. 

If the power used by each department is not metered separately, it is 
necessary then to prorate the total power consumption for the plant over 
all the machines in the plant. 

If for example, the average power load for the department is 325 kw. or 
436 hp. (1 hp. = 0.746 kw.), and the total of all motors in the department 
is 710 hp. 

The average consumption of power = == 0.614. 

Therefore, the 15-hp. motor uses only (15 X 0.614) 9.21 hp. on the average. 

Horsepower-hours per month per group = 9.21 X 481 = 4,430. 

Column 14. Present value per group: (column 5 X column 9) = 4,440 
X 3 = $13,320.00. 

Column 15. Power cost per month per group; Assuming the power cost 
to be 1.6 cts. per kilowatt-hour, or 1.194 cts. per horsepower-hour, the 
power cost for the group of three milling machines for the month would be 

4,430 X $0.01194 - $52.89. 

Column 16. Depreciation per month per group: Cost of the three 
milling machines new = $13,320.00. 

Scrap value of the three milling machines — $1,332.00. 

Estimated life of machines in years = 15. 

Depreciation by the straight-line method, that is an equal amount each 
year: 

13,320 - 1,332 ... .. 

— ~ $66.60 per month. 

10 X 12 

Column 17. Supervision and^miscellaneous charges per month per group: 
Cost of factory supervision and indirect labor, such as foreman, set-up men, 

helpers, time clerks, tool-room attendents, etc. = $4,270.00 

Miscellaneous supplies, oil waste, etc, = 235 . 00 

All minor expenses not otherwise allocated *= 185.00 

Total =$4,690.00 

Theses charges are distributed over the number of hours that th6 machines 
in each group operate during the period. For greater accuracy the cost 
items in this division might be further subdivided and applied to the 
machines in the group on more appropriate factors. 

Total estimated hours that all machines in the plant will operate per 
month ^total of column 10) = 47,860 hr. 
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Fig. 117. — A convenient form for calculating machine-hour rates. 
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Charge per hour * $4,690.00/47,860 = $0,098. 

The number of hours that the group will operate per month is 481. 
Therefore, 481 X $0,098 == $47.14. 

Column 18. Space charge per month per group: This includes the land 
and building charges, the heating and lighting charges, and other charges 
that might be charged off on the basis of floor area without great error. 

The computations are as follows: 


Cost of land = $ 12 , 000 . 00 

Cost of buildings ~ $485 , 000 . 00 


$497 , 000 . 00 $497 ,000.00 

Transmission equipment = 15,000.00 

Furniture and fixtures = 18,525.00 

Miscellaneous equipment = 12 , 400 . 00 


$45,925.00 45,925.00 


Total cost of plant less machinery = $542,925.00 

Interest on $542,925 at 6 per cent, per month = 2,714.62 

Taxes on $542,925, per month == 904.87 

Insurance on plant ($542, 926-$ 12, 000), per month = 2,880.00 

Water, heat and light, per month - 1,225.00 

Depreciation on buildings, per month = 1 , 938 . 00 

Depreciation on equipment, per month - 415.00 


Total 


= $10,077.49 


Then the space charge per square foot per month is 

$10^77^9 _ _ =$0 1556 

64,750 (total floor area of plant) 

Floor area chargeable to the group of milling machines = column 11 =*= 
740 sq. ft. 

Therefore, the space charge == 740 X $0.1556 =* $115.14. 

Column 19. Machine charge value per month per group: This charge 
includes interest, taxes, insurance, and repairs that can be charged directly 
against the production center. The distribution is made on the basis of 
the value of the production center. 

Value of the three milling machines * $13,320.00 

Interest on $13,320 at 6 per cent, per month = $66.60 
Taxes on $13,320, per month «= 22.20 

Insurance upon $13,320, per month « 16.65 

' Eepairs and maintenance, per month « 11.10 


Total 


$116.55 
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Column 20. Total chilrge per month for the group: 

a. Power cost, from column 15 = $52.89 

h. Depreciation, from column 16 = 66.60 

c. Supervision and miscellaneous charges, from column 17 = 47.14 

d. Space cliarge, from column 18 — 115.14 

e. Machine value charge, from column 19 =116.55 


Total charge per month per group = $398.32 


Column 21. Machine-liour rate: The hourly rate is found by dividing 
this total monthly charge by tlu* total estimated time that the machines 
in the group will run per month. 

Thus for the group of milling machines, No. M50, this charge is 398.32/481 
= $0.8281. 

Column 22. Rounded machine-hour rate: In order to make the machine- 
hour rate more usable, the computed rate is rounded off to the second 
decimal place. This does not aff€*ct the accuracy of the rate, since approxi- 
mations were used in the determination of some of the original data. The 
rounded macliine-hour rate, then, is $0.83. This means that for every hour 
the machine is used a charge of $0.83 should be made against the work done 
on the machine. This charge plus the direct-labor cost and the direct- 
material cost will then equal the total factory cost of the job or operation. 


Depreciation. 

Buildings, machinery, and equipment depreciate because of 
wear and tear, obsolescence, and inadequacy. If equipment 
is properly used and well cared for, the wear and tear can be 
minimized, but in time these assets will have to be replaced. 
Depreciation results from obsolescence caused by the invention 
and development of newer and more economical machines and 
processes which supplant the present ones even before they 
are worn out. Inadequacy is the inability of assets to meet 
the demands made upon them. This is usually caused by expan- 
sion in business, and as a result the equipment may have to be 
discarded before it is worn out. 

The elements that normally enter into the depreciation charges 
are (1) first cost, (2) estimated useful life, and (3) scrap value. 
For example, the Milwaukee milling machine already referred to, 
cost $|,440 installed, and it was estimated that this machine 
would last 16 years, at the end of which time it would have a 
scrap value of $444. It therefore becomes necessary each year 
to charge off a certain part of this $4,440 so that by the end of 
16 years the machin<> will be depreciated to its scrap value. 
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The simplest and by far the most widely used method is to 
charge ofiF an equal amount each year, as : 

First cost — scrap value 


Annual depreciation = 


Estimated life in years 
$ 4 , 4^00 ~ $ 444.00 
T5 ^ 


= $ 266 . 40 . 


It should be thoroughly understood that depreciation is a 
real part of factory expense and must be considered as such in 



Fig. 118 . — Diagram I illustrating use of 


determining factory costs. Due to a lack of space a complete 
discussion of depreciation and the various methods of charging 
it off cannot be given here.^ 

The depreciation data included in Appendix C give the esti« 
mated length of life for the various kinds of equipment, Since 
the len^h of life of equipment depends upon a number of widely 
variable factors, it is evident that differences of opinion may 
enter into these estimates. 

^ For further information on depreciation see £. A. Saliers, ed., Account* 
mW SaadbcK^,’' p. 471. 
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Standard Costs. 

Standard costs have come into use in this country in recent 
years and this system owes much of its success to the fact that 
it requires management to look into the future. In setting up 
standard costs, a detailed analysis must be made of the elements 
that enter into the standards. Also, the constant checking of 
the actual costs against the standard costs brings many items 
to the attention of the management that might otherwise remain 



standard costs in compilation of budget. 


unnoticed. Furthermore, in many cases a system of standard 
costs is far more economical to use than the job-order plan. 

Standard costs for direct labor can be determined accurately 
by time study. Standard material costs are easily obtained 
from th^ purchasing department or from material-cost records. 
Greater difficulty is involved, however, in setting up standards 
for factory expense. A combination of budget and standard cost 
plan is used effectively in some plants. 
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The following illustration^ by G. Charter Harrison will be 
included here to give a definite picture of an actual installation 
of standard costs, even though it is a very simple one : 

‘^In Diagrams I and II of Figs. 118 and 119 are illustrated the 
basic principles of a coordinated budget and standard cost plan 
which entirely eliminates the monthly distribution of burden to 
products. This is a system which can be successfully operated in 
that type of business where the product is rather uniform in 
character (as in the case of a manufacturer of gas engines used 
in the illustration) and where every department contributes to 
the manufacture of each item of product. 

“Now while the plan illustrated in Diagram I is probably as 
simple and inexpensive as it is possible to devise any cost plan 
which merits the name, nevertheless the system will give informa- 
tion which cannot possibly be obtained under the usual cost 
methods despite their higher cost of operation. This information 
may be briefly summarized as follows: 

Predetermined Costs and Profits. 

“The cost summary and budget (Form A in the diagram) 
represents a complete forecast of costs, expenses, and profits for 
one year. It furnishes the chief executive with a detailed and 
definite objective for every division of the business — for the 
sales department, a detailed sales quota and a forecast of sales 
expenses by months; for the manufacturing department, a 
definite cost and production program; and for the administrative 
department, a detailed objective of expense. This cost summary 
and budget sets a definite objective of net profits for the year 
of $105,244.74 and illustrates clearly and unmistakably exactly 
what must be accomplished by each division of the business 
if this profit objective is to be realized. 

“Before passing on, let us consider for a moment the simplicity 
of the cost summary and budget. The sales manager, on the 
basis of past experience and knowledge of current conditions, 
estimates what his sales will be of each type of gas engine per 
month. These estimated sales extended at the standard sales 
price give the estimated monthly sales volumes. The cost clerk 

1 Harrison, G. Charter, Installating Standard Costs, Mfg, Ind.j vol. 13, 
No. C, p. 426, June, 1927; vol. 14, No. 1, p. 23, July, 1927, For further 
iiscusaion of standard costs see Mr. Harrison ^s recent book, “Standard 
Oosts.^' 
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figures the standard labor and material cost of the engines to be 
sold and deducts these costs as also the estimated burden in 
total from the forecasted sales, leaving the forecasted gross profit 
for each month. From this gross-profit forecast are deducted 
the estimated administrative, financial, and distribution expenses, 
leaving the forecasted monthly net profits. 

Profit Variation Analysis. 

‘‘Budgets and forecasts are of little practical value unless 
means are provided for keeping each executive, from the president 
down, posted at all times as to exactly where his accomplishment 
stands in relation to the objective set; and, if he has failed to 
realize these objectives, the reason why. The latter information 
is of supreme importance because unless he knows the causes 
of failure, the executive is likely to waste precious time going 
after the minor troubles instead of concentrating his attention 
on correcting the really serious ones. 

“Under the plan which is being described, a daily report is 
furnished to the factory superintendent showing his actual labor 
costs in comparison with standard by departments and for the 
factory as a whole, variations being analyzed by causes. As 
stated in the previous article, this daily labor efficiency informa- 
tion enables the superintendent to check losses before they are 
permitted to reach large proportions, and furthermore acts as a 
stimulus to the foremen to exercise foresight and to guard against 
inefficiencies being permitted to occur. 

‘^Of supreme importance to the chief executive is the complete 
monthly profit variation statement which compares the actual 
profits with the budget and then furnishes a complete analysis 
of the causes contributing to the variation. This report will 
show, for instance, how much the profits were decreased owing 
to failure to realize the sales quotas, and to cuts in prices. It will 
show also to what extent the profits were increased or decreased 
owing to fluctuations in the manufacturing costs, to selling a 
larger or smaller percentage of the more profitable items than 
provided for in the budget, and to variations from the standard 
admintstratioh, sales, and financial expenses. 

'‘In this statement and in the daily labor efficiency statement 
profit losses are shown in red and profit gains in black/^ 
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BxpUnatory Notes Regarding Diagram I 
Cost Suxnmary and Budget (Form A) 

Standard Sales Price 

In this column is entered the regular selling prices of the various gas 
engines as existing at the time the budget is made. In the event that at 
the time of the budget compilation a change in price is contemplated, this 
change would of course be reflected in the budget figures. 

Standard Cost par Engine. Material and Labor. 

In these columns are entered the standard material and labor costs of 
each model of engine included in the sales quotas. The method of compiling 
these standard labor and material costs will be fully explained later. 

Estimated Sales. Number and Value. 

In these columns will be entered the estimated number of engines to be 
sold each month which extended at the standard sales price gives the esti- 
mated sales value. 

Standard Cost. Material and Labor. 

In these columns will be entered the standard material and labor costs 
of the estimated sales, this information being obtained by extending the 
forecasted sales of each model by the standard costs per engine, as, for 
instance, in the case of model 18 B in January where it is estimated that 35 
engines would be sold. The standard material cost of this engine is shown 
as $73.20, so that the standard material cost of 35 engines is 35 X $73.20, 
or $2,562.00, as entered in the Standard cost, material” column in January. 
Standard material and labor costs of repair parts are figured on a percentage 
basis, material being figured at 30 per cent of the estimated list sales of repair 
parts and labor as 11 per cent of list 

Factory Burden. 

The monthly factory burden estimates are posted to Form A from the 
standard burden schedule (Form B) as illustrated by line 5 on the diagram. 

Administratiyey Financial, and Distribution Expense. 

The monthly estimates of these expenses are posted to Form A from the 
standard burden schedule as illustrated by line 6 on the diagram. 

Standard Burden Schedule (Form B) 

Weekty Pay Days in Month. 

It Is assumed in the illustration that weekly payrolls are made up to 
Saturday of each week and in this column is entered the number of Saturdays 
in eaoh month. This information is used in figuring the expenses listed in 
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the column headed “Standard factory burden, expenses paid weekly,” as 
illustrated by line 3, these weekly expenses being detailed in Form D. 

Estimated Production. Sales Value. 

In order to be able to apportion expenses varying with production by 
months on the budget, it is necessary to figure the approximate sales value 
of the production by months. 

Monthly Fixed Charges. 

In this column are entered those factory expenses which are in the nature 
of fixed monthly charges such as the salary of the foremen paid on a monthly 
basis, depreciation, and real estate and personal property taxes. The 
method of compiling these data is illustrated on Form C. 

Expenses Paid Weekly. 

In this column is entered the forecasted weekly factory salary payroll 
as made up on Form D. 

Expenses Varying with Production. 

In this column is entered the estimated cost of expenses which tend to 
vary directly with the production. The following is the schedule which is 
used in the illustration : 


Estimated Annual Expense for Production of Sales Value 

OF $1,000,000 


Spoiled work $ 4 , 350 . 00 

Reclamation expense 6 , 000 . 00 

Supplies 20,000.00 

Electric power and light 6 , 500 . 00 

Overtime allowance 750.00 

Maintenance of equipment 2 , 300 . 00 

Maintenance of tools 4 , 500 . 00 

Etc. Etc. 


Total $64,160.00 


The above estimate represents 6.416 per cent of the estimated sales value 
of the production of $1,000,000 and is distributed by months in accordance 
with the figures in the “Estimated production, sales value” column, as 
for instance, in January where the estimated value of the production is 
$90,000 and accordingly the estimated charge for the month is $5,774.40. 

Office Administration and General Expense. 

It is assumed that expenses coming under this head are in the nature of 
monthly fixed charges. The illustrative schedule used in compiling the 
figures in this column is as follows: 
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Estimated cost 
per month 

Salaries, executive $1,475.00 

Salaries, clerks 661.50 

Stationery and supplies 260 . 00 

Postage 196.50 

Telegraph and telephone 136 . 00 

Collection expense 64.50 

Professional services, audit, etc 340 . 00 

General office expenses 214.75 

Depreciation, office furniture 240.00 

Other expenses, totaling to 731.75 


Total $4,320.00 


Distribution Expenses. 

These expenses are divided between those which are in the nature of fixed 
monthly charges and those which vary directly with the volume of sales. 
The latter are charged to the months in proportion to the sales quotas, as 
listed in the column headed Estimated Sales. The illustrative schedules 
used in compiling the figures shown in the diagram are as follows: 

Distribution Expenses. Fixed Chaikje per Month 

Estimated expense 


per month 

Traveling expense $ 640 . 00 

Advertising 3,000 . 00 

Other expenses totaling to 700 . 00 


Total cost per month $4 , 340 . 00 


Distribution Expenses, Varying with Sales 
- Estimated expense for 

sales volume 
of $1,014,925 


Commissions $50,746.25 

Shipping labor 6,480.00 

Shipping supplies 4 , 824 . 00 

Freight and express, outward 492.00 

Other expenses totaling 13,714.27 


Total per year $76 , 256 . 62 


Total per dollar of sales $0.07513512 
Financial Expenses. 

These forecasted expenses are also divided as between those which are in 
the nature of fixed charges per month and those expenses which tend to vary 
with the sales, the former including such items as bond interest and the 
latter, discount^ allowed to customers. 
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Explanatory Notes Regarding Diagram II 
Assembly Specification (Form E) 

In order to be able to figure the standard cost of the cylinder assembly on 
Form 1, it is necessary to have the specifications of the parts used in the 
assembly. This information is given on Form E, which is the engineering 
department's record. Line 7 illustrates the posting of the part numbers of 
the parts used in the assembly, the number of pieces of each part used and 
the number of the operation at the point where the part goes into the 
assembly. Details of the assembling operations are shown on the back of 
Form I as illustrated. 

Standard Cost of Parts (Form F) 

On this form is illustrated the figuring of the standard cost of the cylinder. 
The numbers and names of the necessary operations on this cylinder, and 
also the set-up rates and the piece-rates, are obtained from Form G, as 
illustrated by line 8. 

Day-work cost are entered in green ink and are obtained by estimating 
the time required for the performance of the operation and extending this 
at the standard rate per hour for that class of work. Line 9 illustrates the 
method of recording a day-work cOvSt. 

It will be noted that provision is made in the upper left-hand comer of 
Form F for noting the standard number of pieces per set-up. In the illus- 
tration this is given as being fiO. The standard costs being figured on the 
basis of 100 parts, it is nec(‘ssary, in figuring the standard set-up cost of 100 
cylinders, to take twice the set-up rate, which is done in the column Set- 
Up Cost, Per 100.^’ 

The lower left-hand section of h'orm F is used for figuring the standard 
material costs. Tliese costs represent a standard quantity extended at a 
standard price. In this case 100 castings is the standard quantity. The 
standard price of these castings is $18 each, which for 100 castings, therefore, 
totals $1,800. 

It Will be noted that provision is made for recording the material class, 
which for castings is Class C. The complete classification for materials is 
given on Form I, this being as follows: 

Class A Brass Class E Purchased parts 

Class B Steel Class F Stampings 

Class C Castings Class G Miscellaneous 

Class D Forgings 

Standard material prices should be the market or cost prices at substan- 
tially the same date. The method usually followed is to take as standard 
the pric^ of the inventory at the commencement of the year in which the 
standard cost system is introduced. If any item is figured in the inventory 
at a price entirely out of line with the market price at that date, this price 
should not be used as standard, but the market price should be used instead. 
All standard prices should be figured pn f. o. b. ba«?is at the consupier^i^ 
fi^jtorjr. 
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The section on the lower right-hand comer of Form F is used for analyzing 
the standard labor costs (as listed in the upper section of the form) by 
departments. 

Standard Operation and Piece-work Rate Record (Form G) 

This is the shop record and one of its uses is as a piece-work record in 
connection with figuring the operator’s piece-work earnings. No change 
should be permitted to be made in any of the information on this card with- 
out having the changes also made on the standard cost sheet (Form F) It 
will be noted that provision is made on the latter form for recording changes 
so that the standard cost sheets at all times reflect the latest rates and 
routing. 

Standard Operation and Piece-work Rate Record (Fonn H) 

Identical with Form G. 

Standard Cost Per 100 Assemblies (Form I) 

Both the front and back of this form are illustrated. The front of the 
form is used for assembling the standard material and labor costs of the 
various parts used in the assembly, as illustrated by line 11. The standard 
assembling cost is detailed on the back of the form and posted in total to 
the front as illustrated by line 14. 

Assembly Spedflcation (Form J) 

Forai J is identical with Form E and lists the various parts and sub- 
assemblies required for the complete engine assembly. 

Standard Operation and Piece-work Rate Record (Form K) 

Form K is identical with Forms G and H and lists the operations and 
piece-rates for the assembling of the complete engine. 

Standard Cost Per 100 Assemblies (Form L) 

Form L is identical with Form I and represents the complete analytical 
standard labor and material cost of the 8-cylinder, 36 hp. engine. Line 15 
illustrates the posting of the standard labor and material costs of the cylinder 
assembly from Form I. On the back of Form L are listed the details of the 
standard cost of the assembling operations, as shown in total on the front 
of Form L and as illustrated by line 18. 

It will be seen that the totals of the columns of Form L furnish an analysis 
pi the standard cost of the 8-cylinder engine by material classes and for 
labor by departments. These are the figures which were used in Diagram I 
as a basis for figuring the standard material and labor costs of the forecasted 
sales, as illustrated by line 19 on Diagram II and line 1 on Diagram 1. 

When the relative amoimt of labor in the different departments is about 
the sime for all the products manufactured, the complications of applying 
oyefhead on a departmental basis can be avoided and one overall rate used. 
In the business which was taken as a basis for the illustration, when the 
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system was first installed burden was applied to the standard costs of 
individual engines on a departmental basis. Experience showed, however, 
that the difference in cost under this method, as compared with the costs 
when figured on a rate for the factory as a whole, was so trifling as not to 
justify the use of departmental rates. 

The total standard cost of engine 36 F can be obtained by adding the 
burden as shown on Form A of Diagram I to the standard labor and material 
costs as detailed on Form L on Diagram II as follows: 


Standard material cost per engine $161.34 

Standard labor cost per engine 76.92 

Burden : 


Total for year, per Form A $182,340.28 

Total standard labor cost of sales for year, per 

Form A .;. $175,432.94 

Per cent of standard labor 

182,340.28 T .non. 

7 T 7 eouals 103.94 per cent. 
l/0,o4/.y4 


103.94 per cent of $76.92 equals .79.95 

Total standard cost of engine $318.21 
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Chapter I 

1. Select the type of factory building to be used for the manufacture of 
flywheel clutches (see Appendix A). This problem will have to be worked 
out in connection with Prob. 7. Give a complete analysis of the problem 
showing why the particular type of factory building was chosen. A local 
site may be assumed for the location of the factory building. 

2 . Select the type oi construction to be used for the flywheel-clutch factory 
building. What are the factors influencing the choice of the type of con- 
struction for industrial buildings? Evaluate these factors as they affect 
this particular problem. 


Chapter 11 

3. Is the equipment listed in Appendix A the best that can be obtained 
to manufacture the flywheel clutch and give the greatest economy ? Recom- 
mend at least two machines that might be used to replace present equipment 
and show in each case the number of years required for the new machines to 
pay for themselves at the present rate of output. 

4 . One Cleveland automatic screw machine (machine class A8) was 
installed to replace four hand-operated screw machines. The book value 
of the old hand-screw machines when scrapped was $200.00 each. The 
old piece rate was $1.35 per 100 pieces on operations 1 of parts C107 and 
C108; the piece rate on the new Cleveland Automatic is $0.25 per 100. 
Assuming the new machine to be depreciated to zero in 5 years, the interest 
rate at 6 per cent, and with a saving in operfiting cost of $450.00 per year, 
find the number of years in which the new Cleveland automatic screw 
machine will pay for itself at the present rate of output; consider parts 
C107 and C108 only. 

5 . Determine the economic lot size for a manufactured part using the 
following data: 

a. Number of pieces required per month of 200 working days * 2,000 

6. Capacity of equipment which produces this part, if oper- 


i^ted on this job for th^ entire 200 working hours « 6,000 
c. Rate of interest * 6 per cent 

d- Total set-up and preparation cost « $30.00 

e. Raw-material cost of the part *= $3.86 

/. Total cost of the finished piece $7.60 


g. The parts are used in equal quantities for assembly each 

day. 

h. Neglect storage costs, depreciation costs, and breakage 

costs due to storage. 
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6 . Using the data and drawings given in Appendix A, determine the 
amount of equipment needed to manufacture 4,000 flywheel clutches, with 
flywheel, crankshaft, and timing gear, per month of 200 working hr. (26 
working days, 8 hr. each, per month). Assume the shop to operate at an 
efficiency of 90 per cent. The clutch will be assembled and crated ready 
for shipment. Benches are to be provided for the assembly of the clutch 
as well as for the subassemblies of the parts. The heat treating, hardening, 
and annealing will be omitted from this problem. Forges will be provided 
for in the calculations. Use a form similar to that shown in Fig. 19 for 
tabulating the data for this problem. 

Sample Calculation. 

Part ClOl is the spacer for the clutch hub and there is one required per 
clutch, so that it is necessary to make 4,000 of these hub spacers per month. 
If month ^s supply is machined at one set-up, it is possible to calculate the 
time that the various machines will be used in processing this particular 
part. The operation sheet for part ClOl is shown in Appendix The 

first operation on this part is to drill and ream^' on '' heavy-duty drill’' 
machine class DIO. It requires 0.600 hr. to set up the machine and 0.038 
hr. to drill each piece. The total time that the machine will be used on the 
drilling operation in making 1 month's supply of hub spacers will be 

(4,000 X 0.038) + (2 X 0.500) * 152 -f 1 « 153 hr. 

It requires 152 hr. to drill the pieces and 1 hr. to set up the machine twice; 
only month's supply of hub spacers are machined at one set-up. This 
total time (153 hr.) is now placed on the form in Fig. 19> opposite the part 
name in the space under the name of the machine (machine class DIO). 
The next operation is calculated in a similar manner. This operation is 
“Turn the outside diameter and straddle face to length." It is done on a 
17-in. Le Blond engine lathe, machine class L38. The time needed is 

(4,000 X 0.050) 4- (2 X 0.600) = 201 hr. 

and the same amount of time is required for the third operation which is 
done on the same machine. Therefore, 402 hr. are required of this machine 
on part ClOl. In a similar manner, the calculations are made for all of the 
operations on all of the parts and the results are recorded on the chart. 

If the vertical columns of Fig. 19 are totaled, this sum wiU be the number 
of hours that the particiilar machine will be used in a month, or in making a 
month's supply of clutches. In the case of the heavy-duty drill (machine 
class DIO), 319 hr. work will be doneon this machine. If the month consists 
of twenty-five 8-hr. working days, then a single machine will be in operation 
200 hr. ^ It is unlikely that the machine would operate at 100 per cent 
efficiency all month, so an allowance must be made. In this case, 90 per 
cent will be used. Therefore, instead of doing 200 hr. work in a month, 
tius drill wiH do only 180 hr. work (200 X 0.90 » 180). By dividing the 
woric to be done by the drill press (machine class DIO) by the number 
hours that the machine will operate per month, the quotient will be the 
number of machmes required in the clutch factory. Tltot is; 

819 hr. 180 « 1.77 machines# 
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Since one machine does not have sufficient capacity to do all of the work, it 
is necessary to place two of the heavy-duty drills in the factory, although 
1.77 would take care of the work. In a like manner, the number of machines 
is determined for each of the different machine classes. 


Chapter III 

7. Lay out the equipment that will be needed to manufacture 4,000 
flywheel clutches per month, using a multistory reinforced concrete building. 
Provide for service centers, internal transportation, railroad sidings; and 
give proper consideration to all fundamentals of good layout, lighting, 
heating, and ventilation. Balance the departments and make provision 
for future expansion. Comply with all stale laws and well-known industrial 
codes. Satisfy present practice with respect to safety and fire prevention. 
Use data in Appendix A. 

Suggested Steps in Making the Plant Layout. 

1. From the data given, estimate the approximate area of floor space that 
will be required for productive work. In making this estimate allow working 
space, temporary material storage space at each machine (see Fig. 25) where 
needed, aisle space, etc. 

2. Sketch the general plan of the layout roughly to scale on 8H* by 1 1-inch 
cross-section paper. If a multistory building is used, make a plan for each 
floor showing elevators, stairways, and fire escapes. If the building is a 
reinforced concrete, multistory factory building, columns may be placed 
20 ft. center to center, diameter of columns on the first floor 2 ft.; on the 
second, third, and fourth floors, ft. Exterior columns 2 ft. thick, 
curtain walls 8 in. thick, outside walls 12 in. thick, and the ceding heights 
16 ft. 

3. Draw to scale in. * 1 ft.) the machines that will be required for 
manufacturing the flywheel clutch. Cut out the templets and arrange them 
on the drawing board, giving proper consideration to the position of the 
operator, drive pulley, position of shafting, provision for the material and 
tools needed near the machine, etc. Locate the various departments, 
offices, cafeteria, tool cribs, locker rooms, and provide for all other necessary 
space. 

Data /or the Plant Layout. 

1. Location of machines. 

а. Machines must not be placed so cbsely together as to be a serious 
menace to those who have to pass between them. Passageways 
m^st be of ample width, have sufficient head room, and be kept well 
lighted and free from obstructions. 

б. Assume machines to be driven through line shafts and countershafts 
unless otherwise noted. 

c. Allow 1 to ft. around each machine, between machine and walls, 
and between machine and the next unit unless there are good 
reasons to vary this. 
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d. Use machine data on page 326 to find correct facing’^ of machines. 

e. Bench size is 2 ft. 6 in. wide and 5 ft. long. 

2. Receiving department. 

а. Location, first floor. 

б. Should have access to railroad siding and to the street for motor 
trucks. 

c. Floor space required, assume 500 sq. ft. per 1,000 clutches to bo 
manufactured per month. 

3. Shipping department. 

a. Location, first floor near the receiving department; in some cases 
may be combined with it. 

h. Allow 1,000 sq. ft. for lumber storage. 

a. Allow space for woodworking machines to be used in making up 
the crating lumber: rip saw 31^ by 4^2 ft.; swing saw 2)^ by 25 ft.; 
planer 6 by 16 ft.; jointer 33^2 by 6 ft.; and band saw 4 by 5 ft. 
The lumber will come in 8- to 20-ft. lengths, and room must be 
allowed for handling. 

d. Allow further space for storing a few clutches which are crated ready 
for shipment. Space may be allowed for three car loads of clutches. 
A box car is 9 by 10 by 42 ft. 

4. Finished stores. 

a. Location, first floor or another floor near the elevator close to the 
shipping department. 

b. Size, allow 300 sq. ft. per 1,000 clutches to be made per month. 

5. Assembly. 

a. Assume that one man can assemble two clutches per hour. 

h. Each man will require an assembly bench 2 ft. 6 in. wide and 5 ft. 
long. Provide space for tote boxes and skid platforms. 

6. Service centers on each floor. 

a. Foreman's office and time clerk, room for two desks, filing cabinet, 
and lockers. 

5. Tool crib in a convenient position with respect to the department 
that it serves. 

c. Wash and locker rooms. 

7 . Raw-material storage. 

a. Location, lower floors because of weight of material, close to receiv- 
ing department. 

5. Bulk stores such as coal, iron, lumber, and sand in yards. 

8. General offices. 

a. Location, apart from the manufacturing departments. 

6. Offices for sales, purchasing, finance, administration, employment, 
safety, etc. 

c. Engineering offices; planning, time study, and methods department 
offices central with respect to the building. 

9* Hrst-aid room and hospital. 

a. Location, central. 

b. Siae, one or two rooms about 10 by 20 ft. 

10« Tool-manufacturing departments 

OjJl^ation, very often adjacent to, or with, the main tool room. 
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h. Will contain the ordinary machine tools required for tool making. 
Allow 1,200 sq. ft. 

11. Cafeteria. 

а. Location, central and convenient for all employees. 

б. Size, dining room requires 15 sq. ft. per seat. Allow an additional 
25 per cent for kitchen, storage space, and serving counters. One- 
half of the employees will be served. 

12. Number of occupants. 

a. It will be assumed that the number of persons working on a floor 
will be 125 per cent of the number of machines on that floor. This 
number includes factory clerks and supervision. 

8 . Assuming that the machines have been arranged according to kind, 
that is, a department for each type of machine, trace by means of a red line 
the route followed by the ^‘transmis»'irm-8haft’' part Cl 13 (Appendix A) 
from the time it leaves the storeroom until it is finished and assembled. 

9. Instead of arranging the machines according to kind, lay out a depart- 
ment for the manufacture of the crankshaft (part S126), arranging the 
machines according to the sequence of the operations to be performed. 
Draw in a heavy line showing the general flow of work in this department. 
Use data in Appendix A. 

10 . Draw to scale (J^2 proposed plan for expanding the 

present plant to twice its size. Show in full lines the present buildings and, 
in dotted lines the additions to be made. Show changes, if any, in railroad 
sidings, motor-truck drives, material-storage yards, and the rearrangements 
of the departments within the present plant that will take place when 
additions to the plant are made. 

Chapter IV 

11 . Select the materials-haridling equipment to be used in the flywheel- 
clutch factory. Outline in detail the kind and amount of equipment that 
will be used for handling each part manufactured. Would a single-story 
building make the materials-handling problem easier or more difficult? 
Explain. 

12. If the crankshaft (part S126) is to be manufactured as explained in 
Prob. 9, what kind of materials-handling equipment would be used in this 
department? What provision would be made for lifting the crankshaft 
into the machines and removing it in each case? 

13 . Would it be economical to use a conveyor in the assembly department 
of the flywheel-clutch factory? Determine the size and kind that might be 
used. Collect cost data for the installation and operation of such a conveyor. 

Chapters V and VI 

14. Find the height of the windows that should be used in the side walls 
of a Single-story building (no skylights) to give a minimum intensity of 
illumination of 12 ft.-candles in the center of the building. The width of 
the building is 80 ft. Assume an overcast sky and dirty windows. 

Plot a curve showing the intensity of illumination at 5-ft. intervals from 
the windows to the center of the building . 
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15. Solve the above problem using a monitor-tvpe single-story buiUling. 
Assume the total width of this building to be 120 ft. 

16. Provide general artificial lighting for the flywheel clutch factory. 
Make a layout to scale showing the location of the outlets, position of the 
interior and exterior columns, and indicate positions of the skylights if such 
are used. 

Data. 

Intensity of illumination required = 10 ft.-candles. 

Reflectors to be used, R.L.M. 

Interior walls and ceilings painted “miir* white. 

Plane of work 2 ft. above the floor. 

Mazda C-filament lamps to be used at 110 to 125 volts. 

Depreciation factor, 0.70. 

Chapters VII and Vin 

17. Make a stop-watch time study in the shop of : 

а. Drilling a small piece in a jig on a single-spindle sensitive drill. 

б. Turning a small piece in a lathe. 

c. Milling a cast-iron piece in a fixture or strapped to the table. 

d. Machining a simple piece in an automatic screw machine, fter 
the study is made, find the base time by the (1) ‘‘modal’^ method, (2'> 
“average” method. Add 10 per cent for allowances. Make instruc ion 
cards where necessary. 

18. Make rate tables for setting standard time for typewriting letters, 
addressing envelopes, etc. 

19. Calculjite the standard time for turning (operation 5TR) the change 
gear (part 1075AP shown on page 137, if the diameter is 6.45 instead of 
7.700 in. Face is 1.250 instead of 1.000 in. Use the time-setting tables 
and charts given. 

20. Determine the standard time for drilling part SI 35 (shown on page 
130) if the piece is 1.525 in. in diameter and the actual drilling time is 0.69 
min. Use time-setting tables for sensitive drills. 

21. What objections might be made against stop-watch time study as it 
is used in industry today? What parts of the time study are affected most 
by the judgment of the time-study observer? Enumerate all possible 
objections and evaluate each. 

22. After the stop-watch time study has been made in Prob. 17 a, make a 
complete set of suggestions as to the changes in the work place that could 
be made to facilitate the performance of the work. Show what elements or 
motions might be eliminated and where improvements in sequence might be 
effected. 


Chapter IX 

28. Select some one of the well-known plans of wage payment that wot Id 
be suited to the needs of the flywheel-clutch factory. Give in detail reasons 
for the selection. If some modifications are desired, explain the changes 
that should be made and why. 

f 



Problems 


m 

Design a plan of wage payment that will combine both quality and 
quantity features. The incentive will be based upon both of these two 
factors. Adapt this plan for use in the crankshaft department of the 
flywheel clutch factory. 

26 . A manufacturer wishes to set time standards on all operations in hia 
plant. The employees are paid on a time basis and wage incentives have 
never been used. Design a plan for calculating and using labor efficiencies 
in this plant, and give in detail the merits and disadvantages of such a plan. 

Chapter X 

26 . Make a careful study of all factors that influence the base rates in 
the local community and then determine the index or weight that should 
be given to each of these factors in order to arrive at a just base wage. 
Make the plan applicable for all occupati< m or jobs in the clutch factory. 

27 . Design a job-specification form that can be used effectively in analyz- 
ing the diffei’ent jobs or occupations that would be found in the flywheel 
clutch factory. 

28 . Explain in detail how tht‘ base rates of an industrial plant might be 
increased or lowered with len.st trouble to the management and to the 
satisfaction of ail employees. Under wliat conditions would a manufacturer 
want to lower the base rates? 

Chapters XI and XII 

29 . Design some plan for determining the productive and the nonproduc- 
tive ratios for the labor in the factory manufacturing tne flywheel clutches. 
Show how the plan will aid in the determination of standard labor costs. 

30 . Work out an incentive plan of wage payment for the nonproductive 
employees in the factory. Show how the plan will affc^c-t the quality of the 
work done, the cost of manufacturing, and the control of the work in the 
factory. 

31 . How is it possible to justify the use of a 75 per cent premium for all 
production above a 60-point hour? How is any system of wage payment 
justified where the worker is paid less than the equivalent of a straight piece 
rate? Give the major factors involved and evaluate each. 

32 . What advantages result from the combination of labor efficiency and 
cost efficiency into one index number such as the supervision point hour^^? 

33 . Consider the merits of expressing the equivalent of the ‘‘supervision 
point hour” in dollars and cents instead of “points.” 

34 . What modifications might be made in the “point system” as it is 
explained in this chapter to reduce the clerical work involved in making up 
the pay roll, analysis sheet, and posting sheet? 

36 . Determine the “supervision point hour” as explained on the analysis 
sheet in Fig. 105, using the following data: 

Name of company: The American Motor Company, 

Date: Aug. 15, 1930, 

Department: 23. 

Clock hours worked by direct and indirect labor in the department, as taken 
from the time cards for that day: 243,65 hr. 
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Departmental time summary sheet: 

Summary of labor ticket for Aug. 15, 1930, for analysis sheet: 

Points from production at 60 — 200 

Points for allowances: 


Machine breakdown = 0 

Wait for work = 30 

Power off = 0 

Time in hospital = 30 


Total 


Of! 


Minutes (points) for indirect labor: 

Supervision = 600 

Clerical - T'iO 

Handlirie: = 1 . 390 

Maintenance — 150 

Set-up ~ 525 

Inspection = 3^^ 

Janitor = 4oo 

Total = 


4,255 


Total of production at 60, allowance and indirect minutes (points) = 4,515 


Total direct and indirect points produced for the day = 18,050 
Production at 60, allowances and indirect minutes (points) = 4,515 


Direct points = 13 , 535 


Total indirect-labor points (minute) = 4,255 
4,255 60 = 70.9 total indirect hours 

Janitor work = 465 min. 

465 -J- 60 - 7.75 hr. 

70.9 — 7.75 = 63.15 net indirect hours 


Total pay roll on Aug. 15, 1930, for: 
Supervision 
Clerical 
Handling 
Maintenance 
Set-up 
Inspection 
Janitor 

Total indirect labor cost 


= S8.00 
= 6.84 
= 11.60 
= 1.25 

- 3.86 

- 4.08 
== 3.72 

$39.35 


Deduct for spoiled work 150 points from inspection department. 
Total pay roll for direct and indirect labor « $135. 12. 
Total premiums for direct labor « $ 12.10 
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Chapter XIII 

36 . Determine the machine-hour rate for each of the machines used in the 
manufacture of the flywheel clutch. Take the actual data from the layout 
of the factory as required for Prob. 7. Use the straight-line method for 
calculating the depreciation of equipment. Use a forn: similar to that shown 
in Fig. 117 for tabulating the data. 

37 . Find the total factory cost of manufacturing the flywheel clutch. 
Distribute the factory expense by using the machine-hour rates as deter- 
mined in the previous problem. 

38 . Design time cards and pay-roll forms to be used by the flywheel 
clutch factory and develop a complete system for charging direct-labor 
costs to particular orders. 

39 . Design stores issues and any other forms that will be needed in 
accounting for direct-material charges. 

40 . Could standard costs be used in industries with considerable seasonal 
fluctuations in output? Design a system of standard costs that might be 
applied to such an indust^'v, (For reference see F. F. Hovey and C. E. K. 
Mees, Cost Control for P^'u-tuating ProducT.ion.T Bull. Taylor Soc.y vol. 14^ 
No. 4, p. 160, August, 192v- • 
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GENERAL STATEMENT OF THE PROBLEM 

The American Motor Company/ now operating in the eastern 
part of the United States, manufactures automobile motors, 
transmissions, and differentials which are sold to different cus- 
tomers throughout the country. The products are manufactured 
to customers^ orders, drawings, and specifications. The orders 
are usually received for large quantities and the assemblies are 
shipped in about equal monthly amounts. These assemblies 
are used in the manufacture of nationally advertised automobiles, 
trucks, cabs, and tractors. The company plans to build a plant 
to manufacture all the clutches, crankshafts, and flywheels 
needed. With the exception of these parts, the motor is built 
elsewhere. The requirements of this plant are that it shall 
be capable of producing 4,000 finished crankshafts, flywheels, 
and clutches per month of 25 working days of 8 hr. each. The 
clutches are to be assembled and crated ready for shipment. 

The exact design of the parts will vary with the different cus- 
tomers’ orders, but for the purpose of the problem of determining 
the size and layout of the factory, a typical set of drawings and 
manufacturing data can be used. Because the product will 
vary slightly with the different custoniers’ orders it becomes 
impossible to manufacture by the, continuous method and it is 
likely that units for several different customers will be in the 
process of manufacture at the same time. 

Description of the Clutch. 

The flywheel clutch is designed to be mounted in the same 
housing as the transmission, so the pedal and coimecting links 
are made and assembled with the transmission. The clutch is 
of the double-disk dry-friction type, and the complete assembly 
is shown in Fi^J. 120. The one main disk, which is called the 
^'drive plate” (part C114), is connected to the flywheel, and 
the two pressure plates on either side of this plate give the clutch- 

^ A fictitious name. 
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ing action. The flywheel, timing gear, and crankshaft are all 
made as separate units and finally will be assembled along with 
the clutch, transmission, and other parts to form the motor and. 
transmission unit. 

The detailed parts of the clutch which are to be manufactured 
are shown in Fig. 121. The name and number of each part 
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of the clutch are indicated on page 293. The details of the fly- 
wheel, timing gear, and crankshaft are shown in Figs. 122 and 
123. Operation sheets and all machine data aise given on the 
following pages. 

Parts which are more easily and cheaply purchased in quan- 
tities are listed at 'Uie bottom of page 293, but no operation sheets 
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Fla. 121. — Parts of the flywheel clutch. 
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are shown for these parts. .Most of these parts are standard and 
could be readily obtained in almost any quantity desired. 



Fig. 124. — A detailed drawing of one of the parts used in the flywheel clutch. 

Product Analysis. 

Suppose the sales department receives an order for 24,000 
automobile clutches to be delivered at the rate of 1,000 per week. 



Fig. 125. — This operation sheet shows the method of machining the clutch- 
shifter collar shown in Fig. 124. 

It is desirable to know the exact procedure that will be used in 
placing the order in the shop. The following is typical of that 
used in many factories. When the order is placed for the 
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clutches, it would necessarily be accompanied by (1) the assembly 
drawing, (2) the detailed drawings for each part (as in Fig. 124) 
and (3) the material-specification sheet (similar to Fig. 129). In 
some cases the purchaser will send operation sheets indicating the 
methods of manufacture, heat treating, etc. 

Engineering Department. 

If, however, it is necessary to design the clutch for the cus- 
tomer, this will be done by the engineering department, and the 
drawings and specifications will then be made by this department. 
The engineering department should always work in close coopera- 



Fig. 126. — Instruction sheet for operation 1 ML on clutch-shifter collar, part 

C105. 

tion with the production department and it is often possible to 
reduce manufacturing costs considerably by making slight 
changes in design, or in the kind of material to be used. 

Methods Department. 

The detailed drawing of the part and the production order 
are sent to the methods department; and the operation sheet 
(as Fig. 125) is made up from the drawing. This sheet shows 
the operations to be performed in manufacturing the part. It 
gives the operatibn number, the machine class, the department 
number, and the tools to be used. It requires a thorough knowl* 
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F’la. 127. — Instriction aheot for operation 2 DR on clutch-shifter collar, part 

0105. 



f to. 128^lBstniotion sheet for operation 3 DR on clutohnahifter collar^ pait 

0105. 














APPENDIX A 


m 


Packard Motor Car Company 
Detroit, Michigan 
Specification 
for 

Chrome Nickel Steel Bars and Billets 
(Hot Rolled) 

Number 335 

Date issued &--1&-26 

Replaces issue of 12-^24 

Chemical Composition: 

1. The chemical composition shall conform to the following limits; 


C. Mn. P. S. Cr. Ni. 

Desired 0.35 0.60 0.80 3.00 

Low 0.30 0.45 0.60 2.75 


High 0.40 0.75 0.040 0.040 0.95 3.25 

Physical Properties: 

2. When heat-treated by normalizing, quenching, and drawing to a 
hardness of approximately 302 Brinell, the bars shall have the fol- 
lowing minimum physical properties. 

Bars larger than 1 in. across shall be reduced by machining to 1 in. 
round before heat-treatment. The bar shall be taken approxi- 
mately one-half the distance between center and outside. 


Elastic limit, lbs. per sq. in 125,000 

Tensile strength, lbs. per sq. m 140,000 

Elongation, per cent in 2 in 17.0 

Reduction of area, per cent 55.0 


3. The tensile bars shall be Packard standard bars. Blue prints for 
these bars may be had from the Packard Motor Car Company, 
Metallurgical Department. 

4. The steel must be manufactured by the basic open-hearth or 
electric-furnace process. Acid open-hearth steel may be used if 
the Packard Motor Car Company, Metallurgical Department, is 
notified. 

5. The bars shall be free from pipes and undue segregation. 

Finish: 

6. The bars shall be sound, be free from laps, cracks, twists, 
seams, and other injurious defects, and have a workmanlike finish. 

Markings for Identification: 

7. Bars conforming to this specification shall be painted white with a 
dark blue stripe on both ends. If bars are bundled, bars of one 
heat number only will be allowed in one bundle which must be 
puoperly labeled with heat number and mill number for identifica- 
tion. If bars are not bundled, the heat number must be stamped 
on each bar. 

Approved by W- H, Graves. 


Flo. 129. — ^Typical specification sheet for materials. (Courteap of the Packwd 
Motor Car Company.) 
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edge of manufacturing methods and of shop equipment to be 
able to determine the best methods of manufacture. 

Time-study Department. 

After the methods department determines the machines to 
be used, it is then possible for the time-study department to set 
the time standards for setting up the machine and for performing 
each operation. If the same job has been done in the shops 
before, there will be time studies and instruction cards available 
as shown in Figs. 126, 127, and 128. 

Planning Department. 

The detailed drawing, the operation sheet, and the instruction 
cards are sent to the planning department where they are filed. 
The delivery date and the quantity to be manufactured are 
known for each part or assembly, and the length of time required 
to machine and assemble each part is shown by the operation 
sheet. Therefore, it is possible to plan ahead and estimate the 
time that each part should be started into the shop so that the 
finished clutch will be ready for delivery at the desired date. 
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List op Parts for Flywheel Clutch 


Part 

number 

Part name 

Number 

per 

assembly 

ClOl. . . 

Manufactured parts 

Spacer for clutch hub 

1 

C102. . . 

Release collar for clutch 

1 

C103. . . 

Pin for clutch-release collar 

1 

C104. . . 

Clutch-shifter collar assembly 

1 

C106. . . 

Clutch-shifter collar 

2 

ClOb. . . 

Lock for dutch-drive pin 

4 

C107... 

Pin for clutch-release link 

8 

C108.,. 

Pin for clutch-release cam 

4 

C109. . . 

Clutch-driving link spacer 

4 

Clio. . . 

Pih for clutch-drive litik 

4 

cm. . . 

Clutch-adj listing collar 

1 

C112... 

Clutch-pressure plate 

1 

C113... 

Transmission shaft 

1 

C114... 

Clutch-driving plate 

1 

C115. . . 

Clutch-driven plate 

1 

Clio... 

Front bearing retainer for transmission shaft 

1 

C117... 

Clutch-release link 

8 

C118. .. 

Clutch -release cam 

4 

C119. . . 

Clutch hub 

1 

C120. . . 

Pressure-plate assembly 

1 

C121... 

Clutch drive pin 


C122. . . 

Driven-plate assembly 

1 1 

F123. . . 

Flywheel bolt 

6 

8124.... 

Crankshaft-timing gear key 

1 

8125.... 

Crankshaft-timing gear 

1 

8126.... 

Crankshaft 

1 

F127. . . 

Flywheel 

1 

PC128. . . 

Purchased parts 

Friction disk for clutch brake 

1 

PC129. . . 

Washer for clutch-retainer nut 

1 

PC130. . . 

Driving-pin washer 

16 

PC131... 

Clutch-driving link (leather) 

32 

PC132. . . 

Friction disk 

2 

PC133. . . 

Shifter-collar grease tube 

1 

PC134. . . 

Rivet for clutch disk 

24 

PC136... 

8. A. E. bolt H in., 20 by 2% in. for Clll 

1 

PC136. . . 

8. A. E. bolt H in., 24 by 3>4 in. for C104 

2 

PF137... 

Flywheel-bolt lock washer 

6 

PC138. . . 

Crank-oasc rear-cover felt washer 

1 

PC139... 

8. A. E. castle nut 1 in.. 14 for C113 

1 

PC140. . . 

Flathead machine screws 14, 20 by in. 

4 

PS141.... 

Pin for starting crank 

1 

PC142. . . 

Ball bearing for Cl 14 

1 

PC143. , . 

Cotter pin H by in. for Cl 13 

1 

PC144. . . 

Cotter pin H by ^ in. for C107 and C108 

24 

PC145, . 

Cotter pin Me by IK in, for CllO and C121 

12 

PC146. . . 

Gneaee cup, hi in. No, 0 for Cl 14 

1 

PC147. . . 

WaAher for driving link pins 

12 
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Operation Sheets 


Part name; spacer for clutch hub. Part ClOl 

Material: gray iron casting. 

Number pieces per assembly: 1. 


Opera- 

tion 

Name of operation 


Machine 

Standard time, hours 

num- 

ber 

Class 

Name 

Set-up j 

Per piece 

1 

Drill and ream 

DIO 

Drill 

0 . 500 

0.038 

2 

Turn O.D. to size and 
straddle face to 
length 

L38 

Lathe 

0.500 

0.050 

3 

Chamfer one end and 
chase thread 

L38 

Lathe 

0.500 

0.050 


Part name: release collar for clutch. Part C102 

Material: Malleable iron casting. 

Number pieces per assembly: 1. 


Opera- 

tion 

Name of operation 


Machine 

Standard time, hours 

num- 

ber 

Class 

1 

1 Name 

1 Set-up 

j Per piece 

1 

Bore, ream, face, and 
break sharp corners 
from ear side 

“ L21 

J. &L 

2.250 

0.040 

2 

Face, turn, form 
groove^ and break 
sharp comers 

L2 

Potter & 
Johnson 

2.500 

0.100 

3 

Drill driving pin hole 

i D16 

Drill 

0.333 

0.020 

4 

Straddle mill ears .... 

M48 

Mm 

0.750 

0.029 

5 

Drill, ream, and burr 
ears 

D18 

DriU 

0.500 

0.050 

i 


Part name: pin for clutch-release collar. Part C103 

Material: diam. C.F.S. S.A.E. 3135. 

Number pieces per assembly: 1. 


Opera- 

tion 

num- 

ber 

Name of operation 

Machine 

Standard time, hours 

1 Class 

! 

i Name 

I 

Set-up 

Per piece 

1 

Hound end and cut off 

A4 

Cone automa- j 

0.750 

0.0004 




tic 



2 

Grind off burrs 


Bench ....... 


0.003 

8 

Out threads 

A6 

Cleveland 

0.750 

0.004 




automatic 
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Operation Sheets 


Part name: clutch-shifter collar assembly. Part C104 

Material: assembly. 

Number pieces per assembly: 1 each. 


Opera- 

tion 

1 

Name of operation 

I 

Machine 

Standard time, hours 

num- 
ber I 

j Class 

Name j 

Set-up ! 

Per piece 

1 

Assemble two collars 
No. C105 using two 
bolts, two ^^-in., 24 
hex nuts and two I 

in. lock washers 

... 

1 

Bench 


0.030 

2 

Face both sides 

G30 

Blanchard. . . 

0.500 

0.020 

3 

Bore, ream and cham- 
fer 

D15 

Radikl drill . . 

0.500 

0.035 

4 

Turn trunnions 

D14 

Drill 

0.500 

0.020 

5 

Drill, counterbore and 
tap one trunnion 

D25 

1 

Tapping drill. 

0.417 

0.025 

6 

Cut oil groove 

M45 

Hand mill j 

0.750 

0.008 


Part name: clutch-shifter collar. Part Cl 05 

Material : phosphor-bronze casting. 

Number pieces per assembly: 2. 


Opera- 

tion 

num- 

ber 

Name of operation 

Machine 

1 _ ... 

j Standard time, hours 

Class 

1 

Name 

Set-up 

Per piece 

1 

Mill lugs 

Ml 

Mill 

0.750 

0.009 

2 

Drill bolt holes 

D13 

Drill 1 

0.500 

0.009 

3 

Spotface drilled holes 

DIO 

i 

Drill ’ 

i 

0.300 

0.004 


Part name: lock for clutch-drive pin. Part C106 

Material: No. 14 Ga. (.078) B.A.S.S., sheets 24 by 96. 

Number pieces per assembly: 4. 


Opera- 

tion 

Name of operation 

Machine 

Standard time, hours 

num- 

ber 

Class 

Name 

Set-up 

Per piece 

1 

Shear stock to fit 
stripper 

P63 

Shears 


0.001 

2 

Punch hole and blank 

1 

P65 

Punch press . . 

0.500 

O.OOl 
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Fig. 130o. — N orton cylindrical grinder, 14 by 72 in. type A. Power traverse, 
machine arranged* for motor drive, with motor-driven headstock. (Courteay 
of the Norton Company.) 



Motor-driven Machines with Motor-driven Headstock 
Table of Dimensions 


Size, in. 

A 

B 

c 

. . V . . 

D 

14 and 16 by 36 

6 ft. 4J4 in. 

9 ft. 2)4 in. 

6 ft. 7}i in. 

11 ft. 8H in. 

14 and 16 by 50 

6 ft. in. 

11 ft. in. 

7 ft. 9H in. 

14 ft. yi in. 

14 and 16 by 72 

8 ft. in. 

13 ft. llJi in. 

9 ft. 7)^ in. 

17 ft. 8K in- 

14 and 16 by 96 

10 ft. in. 

17 ft. in^in. 

11 ft. 7H in. 

21 ft. 8K in. 

14 and 16 by 120 

12 ft. in. 

21ft. ll^in. 

13 ft. 7}^ in. 

25 ft. 8^ in. 

14 and 16 by 144 

14 ft. 3% in. 

26ft, 11^ in., 

15 ft. 7H in. 

29 ft. 8J^. 


PiQ. 13Q&C — Floor plans of type A 14 in. Norton cylindrical grinders. 
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Operation Sheets 


Part name: pin for clutch-release link. Part C107 

Material: in. dianie^r C.F.S. S.A.E. 1020, permit 1120-1112 M.L. 

Number pieces per assembly: 8. 


Opera- 

tion 

num- 

ber 

Name of operation 

1 

i 

Machine 

Standard time, hours 

Class 

1 

j Name 

Set-up 

Per piece 

1 

Chamfer corners and 

A8 

Cleveland 

2.000 

0 004 


cut off 


automatic 



2 

Drill holes and buiT 


Fivevspindle 

0.750 

0 002 




drill 



3 

Harden in cyanide and 


HT. 




‘ test 






Fart name: pin for clutch-release cam. Part C108 

Material: in. diameter C.F.S. S.A.E. 1020, permit 1120-1112 M.L. 

Number pieces per assembly: 4. 


Opera- 

tion 

num- 

ber 

1 



Machine 

Standard time, hours 

Name of operation 

C^lass 

Name 

Set-up 

Per piece 

1 

Chamfer comers and 
cut off 

A8 

Cleveland 

automatic 

2.000 

0.004 

2 

3 

Drill holes and burr . . 

Harden in cyanide and 
test 

D6 

Five-spindle 

drill 

H.T. 

0.750 

0.002 


Part name: clutch-drive link spacer. Part C109 

Material: K-in. standard black pipe M.L. 

Number pieces per assembly: 4. 


Opera- j 
tion 

num- 

ber 



Machine 

Standard time, hours 

Name of operation 

Class 

! 

Name 

Set-up 

1 

Per piece 

1 

Cut stock to length . . . 

L42 

Southworth 

screw 

machine 

0.583 

0.006 

2 

Remove burr from cut 
off tool 

L35 

Centering 

I lathe 

0,200 

0.003 
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Operation Sheets 


Part name: pin for clutch-drive link. Part Cl 10 

Material: % in. diameter C.F.S. S.A.E. 1020 M.L., p<^rmit 1120-1112. 
Number pieces per assembly: 4. 


Opera- 

tion 

num- 

ber 


Machine 

Standard time, hours 

Name of operation 

Class 

Name 

Set-up 

Per piece 

1 

Round end and cut off 
to length 

A4 

Cone 

automatic 

0.750 

0.0005 

2 

Drill and burr holes . . . 

1 

D17 

Sensitive 

drill 

0.333 

0.033 


Part name: clutch-adjusting collar. Pa it Clll 

Material: malleable iron casting. 

Number pieces per assembly: 1. 


Opera- 

tion 

num- 

ber 


Machine 

Standard time, hours 

Name of operation 

Class 

Name 

Set-up 

Per piece 

1 ‘ 

Bore, face, chamfer, 
and tap 

L20 

Warner and 
Swasey 

1.750 

0.083 

2 

Drill and burr driving- 
pin hole 

D18 

Sensitive drill 

0.333 

0.020 

3 

Straddle mill ears .... 

M50 

Mill 

1.000 

0.067 

4 

Remill clamping ear 
and mill seats for 
clamp bolt 

M50 

Mill 

0.750 

0.019 

5 

6 

Mill slot in clamp bolt 
ear 

Remove burrs 

M50 

Mill 

Bench 

0.750 

0.033 

0.017 

7 

Drill and ream ears, 
drill clamp bolt hole 

D16 

Radial drill . . . 

0.500 

0.083 

8 

Burr all holes and tap 
driving-pin hole 

D26 

Tapping drill . 

0.333 

0.020 
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Operation Sheet 


Part name: clutch-pressure plate. Part Cl 12 

Material: Gray iron casting. 

Number pieces per assembly: 1. 


1 

Opera- i 
tion 

num- 

ber 

1 

1 

1 

Machine 

Standard time, hours 

Name of operation 

Class 

Name 

Set-up 

Per piece 

1 

Rough face 

L3{» 

Lathe 

0.500 

0.120 

2 

Grind opposite face . 

G30 

Blanchard 

grinder 

0.500 

0.033 

3 

1 

Broach 

1 

! 

B34 

Lapointe 

broach 

0.400 

0.020 

4 1 

THim and finish face . . 

L39 

Lathe 

0.500 

0.100 

5 

1 Drill holes 

D12 

Multiple drill 

1.000 

0.009 
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Operation Sheet 


Part name: transmission shaft. Part Cl 13 

Material: 23^ in. diameter. H.R. or C.F.S. S.A.E. 2345. 

Number pieces per assembly: 1. 


Opera* 

tion 

num- 

ber 


1 

Machine 

j Standard time, hours 

Name of operation 

Class 

1 

j Name 

• 

Set-up 

Per piece 

1 

Saw stock to length . . 

S23 

Newton circu- 
lar saw 


0.050 

2 

Center drill both ends 

L35 

Centering 

lathe 

0.250 

0.041 

3 

Rough turn diameters 
on short end and 
largest spline diame- 
ter and cut relief 

L43 

Lo-swing 

lathe 

0.750 

0.260 

4 

Rough turn diame- 
ters on long end and 
cut relief 

L43 

Lo-swing 

lathe 

0.500 

0.184 

6 

Grind large spline dia- 
meter and bearing 
diameter on long end 

G27 

Norton 

grinder 

0.500 

0.133 

6 

Grind spline and bear- 
ing diameter on short 
end 

G27 

Norton | 

grinder 

0.500 

0.100 

7 

Rough spline largest 
spline diameter 

H31 

Barber 

Colman 

0.750 

0.317 

8 

Finish spline largest 
spline diameter 

H31 

Barber 

Colman 

1.083 

0.328 

9 

Spline long end 

H31 

Barber 

Colman 

0.983 

0.224 

10 

Spline short end 

H31 

Barber 

Colman 

0.750 

0.133 

11 

Chase thread on long , 
end 

L39 

Lathe 

0.500 

0.083 

12 

Chase thread on short 
end 

L39 

Lathe 

0.500 

0.083 

13 

Drill and tap short 
end 

D25 

Tapping drill 

0.400 

0.G55 

14 

16 

Drill cotter pin hole 
in long end 

Remove burrs 

D18 

Drill 

Bench 

0.333 

0.017 

0.017 
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Operation Sheets 


Part name: clutch-driving plate. Part C114 

Material: gray iron casting. 

Number pieces per assembly : 1 , 


Opera- 



Machine 

Standard time, hour 

num- 

ber 

Name of operation 

CUass 

Name 

Set-up 

Per piece 

1 

Face one side, leave j 
0.015 in. for grinding,! 
bore, ream, and ] 
chamfer hole i 

L39 

j Lathe 

0,750 

0.200 

2 

Face 2d side, loav'c 
0.015 in. stock for 
grinding and chamfer 
hole 

L39 

Lathe 

0.500 

0.140 

3 

Grind both sides 

i 

G30 

Blanchard 

grinder 

0.500 

0.066 

4 

Drill driving pin holes 

D12 

Drill 

0.750 

0.033 

5 

Ream driving pin 
holes 

DIO 

Drill 

0.333 

0.033 

6 

Balance 

D15 

Radial drill . . . 

0.333 

0.086 


Part name: clutch-driven plate. Part Cl 15 

Material: gray iron casting. 

Number pieces per assembly: 1. 


Opera- 

tion 



Machine 

Standard time, hours 

num- 

ber 

Name of operation 

Class 

Name 

Set-up 

Per piece 

1 

Turn flange 

L19 

Warner and 
Swasey 

0.500 

0.040 

2 

i 

1 

Face flange, bore and 
ream hole, face hub 
on both sides 

L19 

Warner and 
Swasey 

2.000 

0.150 

3 1 

Drill holes in flange. . . 

D12 

Drill 1 

0.833 

0.033 

‘.i 

Broach splines 

B33 

Lapointe 

Broach 

0.400 

0.020 
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Operation Sheets 


Part name: front bearing retainer for transmission shaft. Part Cl 16 

Material: gray iron casting. 

!Vumber pieces per assembly: 1. 


Opera- 

tion 

Name of operation 

Machine 

Standard time, hours 

num- 

ber 

! 

1 Class 

Name 

Set-up 

Per piece 

1 ’ 

Turn, face flange and 
hub, bore, and ream 
hole and face oppo- 
site side 

L22 

Warner and 
Swasey 

1.000 

0.070 

2 

Drill all holes 

D13 

Drill 

0.783 

0.021 

3 

Tap four holes 

D25 

Tapping drill 

0.333 

0.017 

4 

Mill flat on flange . . . 

Ml 

1 

Mill 

0.750 

0.009 


Part name: clutch-release link. Part Cl 17 

Material: by in. wide C^F.S. M.L. 

Number pieces per assembly : 8. 


Opera- 

tion 

num- 

ber 

1 Name of operation 

Machine 

Standard time, hours 

Class 

1 Name 

Set-up 

Per piece 

i 

1 1 

Cut radius and cut off 

P52 

Punch press. . 

0.750 

0.003 


to length 





2 

Flatten 

T32 

Trip hammer . 

0.500 

0.001 

3 

Drill and ream holes . . 

D18 

Drill 

0.333 

0.020 

4 

Burr holes 

D18 

Drill 

0.200 

i 

0.003 


Part name: release cam. ♦ Part Cl 18 

Material: Steel forging S.A.E. 1045. 

Number pieces per assembly: 4. 


Opera- 

tion 

Name of operation 


Machine 

1 

1 Standard time, hours 

1 

num- 

ber 

Class 

Name 

Set-up 

Per piece 

1 

2 

1 

Normalize and test . . . 
Drill and ream two 

D18 

1 

H.T 

Drill. ........ 

0.333 

0.033 

3 

holes 

Form mill end 

M45 

Hand mill 

0.750 

0.012 

4 

Remove milling burrs 
and burr drilled holes 


Bench 

1 

! 

0.010 
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Operation Sheets 


Part name: clutch hub. Part Cl 19 

Material gray iron casting 
Number pieces per assembly 1 


Opera- 

tion 

num- 

ber 

Name of operation 

1 

! Machine 

! 

Standard time, hours 

Class j Name 

Set-up 

Per piece 

1 

* Turn and face hub, 

^ L22 '\\ainerand 

1 500 

0 100 

! 

2 

bore and leam hole 
and break sharp | 

comers Turn tin d 
dia , cut ieh(f cul 
chamfers and cut 
thread ! 

Face hub and sqmire 

vSwasey 

[ 

1 

1 

1 

L36 Lathe 

! 

0 600 

0 060 

3 

flange, turn flange j 
and bleak sharp | 
corners 

Mill flats on square ' 

1 

M17 1 Mill 1 

0 750 

0 050 

4 

flange 

Broach splims 

B33 Broach 

0 417 

0 020 


Pait name piessure-jilatc assembly Part C120 

Material parts Cl 14, PC 132 and PC 134 
Number pieces per assemblv 1 


Opera- 


1 Machine i 

Standard time, hours 

tion 

num- 

ber 

Name of operation 

1 

Class 

1 1 

I 

Name 

1 

I “ 

1 Set-up j 

i 

Per piece 

1 

, i 

Assemble and rivet , 

i 1 

1 

Bench 


0 112 
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Operation Sheets 


Part name: dutch-drive pin. Part C121 

Material: ij'ie in. hexagon. C.F.S. S.A.E. 1020, Permit 1120-1112 M.L. 
Number pieces per assembly : 4. 


Opera- 



Machine 

Standard time, hours 

num- 

ber 

Name of operation 

1 

Class 

Name 

Set-up 

Per piece 

1 

1 

Turn, form and cut off 

A7 

1 

Grid ley 
automatic 

5.000 

0.019 

2 

Thread * 

L41 

Warner and 
Swasey 

0.600 

0.005 

3 

Drill and burr cotter 
pin hole 

D24 

Drill 

0.333 

0.017 


Part name: driven-plate assembly. 

Material: Parts Cl 15, PC132, PC134. 

Number pieces per assembly: 1. 


Part C122 

Opera- 

tion 


Machine 

Standard time, hours 

num- 

ber 

Name of operation 

Class Name 

Set-up 

Per piece 

1 

Assemble and rivet . . . 

.... Bench 


0.112 


Part name: flywheel bolt. Part F123 

Material: in', diameter C.F.S. S.A.E. 3135. 

Number pieces per assembly: 6. 


Opera- 

Machine 

Standard time, hours 

Name of operation 

num- 

ber 

Class 

Name 

Set-up Per piece 

1 Round end, turn, 

A 7 

Gridley 

4.000 0.017 

thread chamfer head. 


automatic 


and cut off 


1 


2 Remove burr from cut 


Bench 

0.002 

off tool 




8 Mill flats 

M46 

Mfll 

0.750 0.010 

4 Remove burrs 

— 

Bench 

0.006 
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Operation Sheets 


Part name: crankshaft-timing gear key. Part S124 

Material: 3^ in. square keystock M.L, 

Number pieces per assembly: 1. 


Opera- 

tion 

num- 

ber 

Name of operation 

Machine 

Standard time, hours 

Class j 

! 

Name 

Set-up 

Per piece 

1 

Saw stock into length 
32 in. long 

M45 

* Mill 

0.750 

0.010 

2 

Turn over 1}^2 
end and weld 

I 

1 .... 

1 1 

1 ! 

1 

1 Forge 


0.083 


Note. Each bar makes 15 keys which are to be cut off as required at 
assembly. 

Part name: crankshaft-timing gear. Part SI 25 

Material: steel forging S.A.E. 1045. 

Number pieces per assembly: 1. 


Opera- 

tion 

num- 

ber 

s 

Machine 

Standard time, hours 

Name of operation 

Class 

Name 

Set-up 

Per piece 

1 

2 

Normalize 

Anneal 


H.T. 

H.T. 



3 

Rough and finish face 
rim and hub and 
rough and finish bore 
and ream hole, break 
sharp corners 

L2 

Potter and 
Johnson 

1.500 

0.083 

4 

Broach keyway 

B33 

Lapointe 

Broach 

0.367 

0.019 

5 

Rough and finish turn 
outside diameter and 
rough and finish face 
opposite side, break 
sharp comers 

L9 

J. & L 

1.750 

t 

0.100 

6 

Rough hob teeth 

H31 

Barber 

Colman 

1.017 

0.123 

7 ^ 

8 

Finish shape teeth — 

Remove burrs and 
stamp part number 

H54 

Fellows 

shaper 

Bench 

0.668 

0.100 

0.050 
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Operation Sheet 


Part name: crankshaft. Part S126 

Material: steel forging S.A.E. 1045, H.T. S.A.E. VII, Brinell 255-217. 
Number pieces per assembly: 1. 


Opera- 

tion 



Machine 

Standard time, hours 

num- 

ber 

Name of operation 

Class 

Name 

Set-up 

Per piece 

1 

Layout position of fil- 
lets, rough turn line 
bearings and gear 
dia. to within .0.030 
to 0.035 in . of finished 
size, form fillets, 
rough and finish face 
inside of flange and 
rough turn oil thd. 
diameter and turn 
small end and form 
radius 

L37 

Lathe 

2.000 

1.333 

2 

Rough turn pins to 
within 0.035 to 0.045 
in. 4of finish size 

L44 

Crankshaft 

lathe 

1 3.000 

0.667 

3 

Straighten 

P51 

Press 


0.117 

4 

Face to length, cham- 
fer sm^ll end and 
recenter 

L40 

Lathe 

0.500 

0.060 

5 

Semi-finish face flange 
counterbore, relief, 
recenter and finish 
turn flange and oil 
thd. diam. and chase 
oil thread 

L40 

Lathe 

i 

1.500 

0.800 

6 

Drill and tap holes in 
flange 

D16 

Radial drill . . 

1 0.417 

0.150 

7 

Drill oil holes in cheek 

D26 

Drill 

0.500 

0.360 

8 

Grind line bearings. . . 

G28 

Norton 

grinder 

0.500 

0.568 

9 

Grind all pin bearings 

G29 

Norton crank 
grinder 

0.500 

0.660 

10 

Finish face and cham- 
fer flange 

L39 

Lathe 

0.500 

0.100 

11 

Mill and burr keyway 

M49 

MiU 

0.760 

•0.083 

12 

Drill and ream start- 
ing crank pin hole 

D16 

Radial drill . . 

0.333 

0.050 
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Part name: flywheel. Part F127 

Material: gray iron casting. 

Number pieces per assembly: 1. 


Opera- 

tion 

num- 

ber 


Machine 

Standard time, hour 

Name of operation 

1 

Class ' 

j i 

i 

Name 

Set-up 

Per piece 

1 

Rough and finish face 
and counterbore ! 

flange, rough and 
finish turn and face i 
rim, round corners, 
bore and ream hole 

M3 

Boring mill . . 

1 

0.800 

0.333 

2 

i 

Face flange, bore in- 
side of rim, rough 
and finish face rim j 
on second side and 
round comers 

M3 1 

Boring mill . . 

0.600 

0.200 

3 

Drill holes in flange 
and rim 

Dll 

Multiple drill 

0.750 

0.066 

4 

Ream holes in flange, 
counterbore and tap 
holes in rim 

D15 

Radial drill . 

0.500 

0.200 

6 

Balance 

D15 

i 

Radial drill . . 

0.600 

0.100 


MACHINE DATA 
Machine Class Ml 

Duplex automatic horizontal mill, 18 in. Cincinnati. 

Floor space: 7.25 by 4 feet = 29 sq. ft. 

Size of motor: 8 hp. 

First cost : $1,000 

Inches 


Table feed (working travel of table) 18 

Total movement of table 20 

Working surface of table, by 30 in. 

Overall dimensions of table, 9)4 t>y 36 in. 

T-slots in table, three % in., 2^6 in. centers. 

Maximum distance between spindle noses 16 

Minimum distance between spindle noses 7 

Mpximum distance between housings 20 

Maximum distance top of table to center line of spindle 9 
Minimum distance top of table to center line of spindle 3 

Vertical adjustment of spindle and tail stock 6 ^ 

Spindle No. 11, B. and S. taper hole, flanged end. 

Driven from overhead countershaft. 

Manufacturer’s recommended drive pulley speed 500 r.p m. 
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Machine Class L2 

Chucking lathe, Potter k Johnson model 6A. 

Floor space: 10.33 by 4.66 ft. = 48.2 sq. ft. 

Size of motor: 7)4 hp. 

First cost: $2,400. 

Inches 


Swing over bed 21 in., swing over cross-slide 13 

Turning limit of standard turning tool (diameter) 14 

Number of turret faces 4 

Travel of cross-slide each way 5 

Maximum travel of turret slide 12 

Length of turret slide which permits supporting of pilot 

turret boring tools 5^ 

Diameter hole in spindle 

Manufacturer’s recommended drive gear 300 r.p.m„ 



Fig. 131. — Automatic chucking and turning machine with motor drive and air- 
operated chuck. (Courtesy of the Potter & Johnson Machine Company,) 


Machine Class M3 

Vertical boring mill, 36 in. Bullard, five-face turret, 1 side head. 
Floor space: 9.5 by 9 ft. = 85.5 sq. ft. 

Size of motor: 10 hp. 

1 First cost; $5,000. 

Inches 


Capacity diameter 38 

Capacity height under cross-rail 24 

Capacity height under turret face 86 

Table 34 in. diameter. 

Chfiek built into table. 

Vertical head, vertical movement 26 
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Inches 

Vertical head will face 38 (diameter) 

Turret, in. diameter, five faces having 2)^- 
in. holes. 

Side-head vertical movement 19 

Side-head horizontal movement 20 

Top of table to underside of side-head slide. ... 16 
Side head has turret tool post four sides. 

Manufacturer's recommended drive pulley. . . .375 r.p.m. 


Machine Class A4 

Vertical chamfer and cut-off automatic machine, Cone four spindle 
Floor space: 18 by 4.33 ft. = 79.9 sq. ft. 

Size of motor; 10 hp. 

First cost: $3,500. 

Inches 


Capacity of collets \}4 

Will feed 12 

Chamfer and cut-off only. 

Manufacturer's recommended drive pulley. . . . 600 r.p.m 


Machine Class A5 

Automatic screw machine, Cleveland automatic IK in. 
Floor space: 9 by 4.5 ft. = 40.5 sq. ft. 

Size of motor: 5 hp. 

First cost: $1,400. 

Inches 


Capacity of collets IK 

Feed 7K 

Length turned or drilled 7 


Machine Class D6 

Five-spindle automatic drill, Detroit No. 2. 

Floor space: 3.5 by 3 ft. = 10.5 sq. ft. 

Size of motor: 3 hjf. 

First cost: $725. 

Inches 


Capacity, drills holes 0 Xo % 

Spindle feed IHs 

Distance, center line of spindle to table 2% 

Uses straight shank drills. 

T-slots in table, five % in., 6-in. centers. 

Fixed spindle centers 6 

„ Machine Class A7 


Automatic screw machine, Gridley 2K-iu- special four spindle. 
Floor space 19 by 4.66 ft. « 88.5 sq. ft. 

Size of motor: 7K 
First cost: $3,500. 

machine with 2%-iTL, spindles. 
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Inches 

Capacity round stock 2H 

Maximum length feed 8 

Regular turning length 7 

Manufacturer's recommended drive pulley 390 r.p.m. 

Machine Class A8 

Automatic screw machine, Cleveland % in. 

Floor space: 15 by 3.5 ft. = 52.5 sq. ft. 

Size of motor: 5 hp. 

First cost: $1,150. 


Inches 


Capacity of collets 

Will feed 7H 

Length turned or drilled 5M 



Fig. 132. — A battery of automatic screw macliines showing a typical layout. 
{Courtesy of the National Acme Company.) 


Machine Class L9 

Automatic lathe, Fay 14-m. single carriage. 

Floor space: 9 by 3.66 ft. « 32.94 sq. ft. 

Size of motor: 10 hp. 

FixBt cost: $3,000. 

Inches 


Swings over bar 14 

Swings over carriage 11 

Distance between centers, minimum 5K, maximum 18 
Will turn up to 10 in. in length. 

Manufacturer’s recommended drive 
pnlley 406r.p.m. 
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Machine Class DIO 

Heavy-duty drill, Foote-Burte No. 25-24 fixed table. 

Floor space: 5.5 by 2.3 ft. = 12.7 sq. ft. 

Size of motor: 7H hp. 

First cost: $925. 

Manufacturer’s recommended drive pulley speed 350 

Machine Class No. Dll 

Special multiple drill, Baush No. 4. 36 spindle (30 by 38 in.). 


Floor space 18 by 9.5 ft. ~ 171.2 sq. ft. 

Size of motor: 25 hp. 

First cost: $6,400. 

Capacity, twelve, 1)4 in. or twenty-eight, 34-in. drills in C. I. 

Inches 

Vertical transverse of head 38 

Distance spindle nose to base, minimum 24, maximum 62 
Distance spindle center to column, minimum 9, maximum 39 

Maximum center distance end spindles 30 by 46 

Minimum distance center of spindles 2 

Spindles, No. 2 Morse taper, drive tang. 

Vertical adjustment of spindles 234 

Head arranged for thirty-six 134-in. spindles. 

Base working surface 4234 by 40 

T-slots, five Itfe in., 8-in. centers. 


Table 36 by 56 in., 25 in. high mounted on track. 

Machine Class D12 

Multiple drill, Nacto No. 14, 22 spindle (16 by 24 in.). 

Floor space: 6,66 by 3.2 ft. = 21,32 sq. ft. 

Size of motor: 10 hp. 

First cost: $4,500. 

Capacity, twenty-two %-in. drills in C. T. 

Capacity, twenty ^-in. drills in steel. 

Inches 

Vertical traverse of head 39 

Distance spindle nose to base, minimum 1, 

maximum 40 

Distance spindle center to column, minimum 734» 

maximum 23)4 

Maximum center distance end spindles 16 by 24 in. 

Minimum center distance l)4-in. spindles 1%2 

lJ4-in. spindles 

Spindles, No. 2 Morse taper, drive tang. 

Spindles have 2-in. vertical adjustment. 

Machine has fourteen J. 34-in. and eight 134-in. spindles. 

Base working surface 28 by 31 

T-slots three in, 

34 in. diameter, rotating table 16 in. high. 

Mapnfacturer’s recommended drive pulley speed , 050 T.p.m* 
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Machine Class D13 


Multiple drill, Nacto No. 13, 16 spindle. 

Floor space: 5.5 by 3 ft. = 16.5 sq. ft. 

Size of motor: 7.5 hp. 

First cost: $3,500. 

Capacity, twelve Ji-iu. drills in C. I. Inches 

Vertical traverse of head. 19 

Distance spindle nose to base, minimum 30, maxi- 
mum 49 

Distance spindle nose to table, minimum 0, maxi- 
mum 30 

Distance spindle center to column, minimuiu 6, 

maximum 18 

Maximum center distance end spindles. ... 12 by 18 

Minimum distance center of 1-in. spindles = IJ32 

IJ^-in. spindles = 1?^2 


Spindles No. 2 Morse taper, drive tang. 

Spindles have 2-in. vertical adjustment. 

Head arranged for 16 spindles. 

Base working surface 18 by 19 in. 

T-slots, two 14-in. centers. 

Table working surface 17 by 25 

Manufacturer’s recommended countershaft speed 600 r.p.m. 

Machine Class D14 


Plain drill, Cincinnati Bickford 28 in. 

Floor space: 5.66 by 2.5 ft. = 28.3 sq. ft. 

Size of motor: 3 hp. 

First cost : $630. 

Table working surface 25 in. diameter 

T-slots, four in., 90-deg. centers. 

Table vertical adjustment, 1914 in- 

Inches 

Distance spindle center to column 1434 

Maximum distance spindle nose to table 37 

Maximum distance spindle nose to base 5134 

Head vertical traverse on column 22 

Traverse of spindle 12 

Spindle No. 4 Morse taper, drive tang. 

Base working surface 24 by 24 


T-slots in base, two 25^2 in., 12-in. centers. 

Manufacturer’s recommended drive pulley speed. . 350 r.p.m. 

Machine Class D15 

Radial drill, 3-ft. Cincinnati Bickford new style. 

Floor space; 7.6 by 9 ft. = 68.4 sq. ft. 

Size of motor: 5 hp. 

Krst cost: |75G, 
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Inches 

Base working surface 30 by 41 

T-slots in base, three in., canters. 

Distance center-line drill to column in plane of 
Base, minimum 8% maximum 

Traverse of spindle on arm 27J4 

Spindle No. 4 Morse taper, drive tang. 

Distance spindle nose to base, maximum 50^^ minimum 14J^ 

Traverse of arm on column 253^ 

Traverse of spindle 11 


Manufacturer's recommended drive pulley speed. . 526 r.p.m; 
Machine Class D16 

Sensitive drill, Avey No. 2? single spindle. 


Floor space: 3 by 1.5 ft. = 4.5 sq. ft. 

Size of motor: 1 hp. 

First cost: $270. 

Inches 

Capacity drill diameter 

Table working surface 123^ by 15 

Table vertical adjustment 26 

Distance spindle center to column 7J^ 

Traverse of spindle on head 7^ 

Traverse of spindle 6 


Spindle No. 2 Morse taper, drive tang. 

Manufacturer's recommended drive pulley speed. . 600 r.p.mi 
Machine Class D17 


Sensitive drill, Allen 14 in., two spindle. 

Floor space: 3 by 3 ft. =9 sq. ft. 

Size of motor: 2.5 hp. 

First cost: $315. 

Inches 

Table working surface 12 by 26J^ 

Table vertical adjustment 20 

Distance spindle center to column 7 

Maximum distance spindle to table 25 

Traverse of spindle head 7J^ 

Traverse of spindle 6 

Distance between spindle centers 10 


8|>indlo No. 2 Morse taper, drive tang. 

Machine Class D18 

Sensitive drill, Avey No. 3, single spindle. 

Floor space: 4.5 by 2.1 ft. = 9.4 sq. ft. 

Size of motor: 3 hp. 

First cost: $350. 
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Traverse of spindle head 

Traverse of spindle 

Spindle No. 3 Morse taper, drive tang. 

Manufacturer's recommended drive pulley speed. 

Machine Class L19 

Turret lathe, Warner & Swasey No. 2A. 

Floor space: 9.5 by 5.33 ft. = 50.6 sq. ft. 

Size of motor: 5 hp. 

First cost : $2,500. 

Inches 


Maximum work swing over ways 

Maximum work swing over carriage 13 

Maximum length turned 29 

Scroll chuck jaw capacity 12 

Turret diameter across faces 14 

Six faces to turret, hole diameter in turret 35i 

Maximum distance face of hexagon turret to end of 

spindle nose 41 

Carriage travel, cross 8)4 

Carriage travel, longitudinal 24 


Manufacturer's recommended drive pulley speed. . 500 r.p.m. 
Machine Class L20 

Turret lathe, Warner & Swasey No. 3A. 

Floor space: 13 by 6.6 ft. = 85.8 sq. ft. 

Size of motor: 15 hp. 

First cost: $3,700. 

Inches 


Maximum work swing over ways 21J^ 

Maximum work swing over carriage 17 

Maximum length turned 44 

Scroll chuck jaw capacity 16 

Turret diameter across faces 17 

Maximum distance face of hexagon turret to end of 

spindle nose 60 

Carriage travel, cross 12 

Carriage travel, longitudinal 30 


Manufacturer's recommended drive pulley speed. . 440 r.p.iB; 
Machine Class It21 

Turret lathe, Jones & Lamson, two spindle. 

Moor space: 8.66 by 5 ft. »» 43.3 sq. ft. 

Sise of motor: 15 hp. 

Mrst cost: $2,800. 


Inches 

13 

jOO r.p.m. 
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Inches 

Air chuck equipment. 

Swing when both spindles used 10 

Cross travel of head 10 

Hole through spindle 

Turret 21% in. square. 

Traverse of turret 26 

Distance between spindle centers lOJ^ 

Manufacturer's recommended drive pulley 
speed l,20ur.p.m. 


Machine Class 3L#22 

Turret lathe, Warner 8wasey No. lA. 

Floor space: 9.7 by 5.3 ft. » 51.6 sq. ft. 

Size of motor: 5 hp. 

First cost: $2,400. 

Inches 


Maximum work swing over ways 

Maximum work swing over carriage 13^ 

Maximum length turned 26 

Scroll chuck jaw capacity 12 

Turret diameter across faces 12)^ 

Maximum distance face of hexagon turret to end 

of spindle nose 35 

Carriage travel, cross 8 

Carriage travel, longitudinal (normal) 22^ 

Carriage travel, longitudinal (maximum possible) 30J^ 
Turret has overhead pilot heads. 


Manufacturer's recomnfended drive pulley speed 575 r.p.m. 
Machine Class S23 

Cut-off saw, Newton No. 199, inserted teeth circular saw. 

Floor space: 9.8 by 4.5 ft. = 44.1 sq. ft. 


Size of motor: 7.5 hp. 

First cost: $800. 

Inches 

Thickness of teeth M 

Maximum diameter saw 32 

Capacity rounds 9J^ diameter 

Capacity squares 

% 


Machine Class D24 

Sensitive drill, AUen two-spindle high-speed power feed. 
Hoor space: 4 by 3.66 ft. « 14.64 sq. ft. 

Size of motor: 2.5 hp. 

First cost: $800, 
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Capacity drill diameter 

Table working surface 

Table vertical adjustment 

Distance spindle center to column 

Maximum distance spindle nose to table 

Traverse of spindle head 

Traverse of spindle 

Distance between spindle centers 

Spindle No. 2 Morse. 


Inches 

2 2 

16H by 30 

16 

8 


20H 

7H 

6 

mi 


Machine Class D25 

Tapping drill, Cincinnati Bickford 21 in. 

Floor space: 2.1 by 4.1 ft. = 8.6 sq. ft. 

Size of motor: 5 hp. 

First cost: $570. 

Table working surface 19 in. diameter 

T-slots, four » 90-deg. centers. 

Inches 

Table vertical adjustment 17 

Base 17 by 18 

Distance spindle center to column 10?^ 

Maximum distance spindle nose to column 293-^ 

Maximum distance spindle nose to base 

Traverse of spindle head 17H 

Traverse of spindle with trip dog 7% 

Traverse of spindle without trip dog 

Spindle No. 3 Morse taper, drive tang. 


Manufacturer's recommended drive pulley speed. . 400 r.p.m. 
Machine Class D26 

Horizontal drill, Avey two-spindle power feed, drills opposed. 


Floor space: 9.4 by 2.6 ^t. = 24.44 sq. ft. 

Size of motor: 1.25 hp. (two motors % hp.). 

First cost: $1,125. 

Inches 

Size of table 834 hy 63 

T-slots, two H in., 3J^-m. centers. 

Spindle feed each spindle 11 

Spindle No. 2 Morse, drive tang. 

Maximum distance between spindle noses 35 

Distance center line spindle to table 7 

Spindles opposed in line. 

Drill capacity H 


Spindles have independent Avey-Matic feed. 

Machine Class G27 

Cylindrical i^rinder, Norton 14 by 72 in. 

Floor 17 bv 6.§ ft. » 93.5 sq, ft. 
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Size of motor: 10 hp. 

First cost: $3,300. 

Will grind 14 in. diameter by 72 in. long 

Machine Class G28 

Cylindrical grinder, Norton 20 by 96 in. 

Floor space: 22 by 6.6 ft. *= 143.0 aq. ft. 

Size of motor: 16 hp. 

First cost: $5,400. 

Will grind 20 in. diameter by 96 in. long. 

Has overhead countershaft. 

Manufacturer's recommended countershaft speed: 600 to 610 r.p.m 
for 26- and 28-in. wheel. 

Machine Class G29 

Cylindrical grinder, Norton crank grinder. 

Floor space: 20.5 by 6 ft. == 123.0 sq. ft. 

Size of motor: 10 hp. 

First cost: $3,840. 

Inches 


Swing maximum 18 

Swing maximum for safety 14 

Maximum length inside face of center cradles 56 

Maximum length of crankshaft, cradles will take 72 

Double drive head and tail stock. 


Machine Class G30 

Surface grinder, Blanchard. 

Floor space: 7 by 4.33 ft. = 30.31 sq. ft. 

Size of motor: 22 hp. (two motors; 2 and 20 hp.y. 

First cost: $4,200. 

Inches 


Magnetic chuck diameter 26 

Maximum height of work 30 

Maximum diameter of work 12 


Grinding wheel direct drive on 20 hp., 440 volts. 
Alternating-current motor. 

Pump and feed driven by 2 hp., 440-volts alternating-current 
motor. 

Magnetic chuck operated on 220-volts direct current. 

One direct-current motor generator supplies three machines. 

Machine Class H31 

Gear bobber, Barber Colman No. 12 (gears and splines). 

Floor space: 7.6 by 3.6 ft. = 27.36 sq. ft. 

Size of motor: 5 bp. 

Hist cost: $2,400. 
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Inches 


Capacity, diameter 12 

Capacity, width face 10 

Capacity, cast-iron, diametral pitch 3 

Capacity, steel, diametral pitch 4 

Diameter hob spindle IH 

Maximum diameter hob 4 

Hob travel 15 


Spindle No. 14 special B. <fe S. taper, drive none. 
2-in. spindle hole equipped with collets. 

Standard machine, double arm. 

Double thread worm. 


Machine Class T32 

Trip hammer, Bradley 75 lb. 

Floor space: 6.5 by 2.75 ft. = 15.13 sq. ft. 

Size of motor 2,5 hp 
First cost: S626. 


Machine Class B33 

Keyseating broach, Lapointe No. 3 single. 

Floor space: 16.75 by 2.66 ft. = 44.55 sq. ft. 

Size of motor: 5 hp. 

First cost: $750. 

Capacity to cut key ways up to IK in* wide, or broach square 
holes up to 3 in. across flats from a drilled hole in steel. 
Stroke 50 in. 

Hole in face plate 5 in. bushed to 4K in. 

Manufacturer’s recommended drive pulley speed. . 720 r.p.m. 

Machine Class B34 

Keyseating broach, Lapointe No. 4 single. 

Floor space: 20 by 3 ft. =60 sq. ft. 

Size of motor: 5 hp. 

First cost: $1,400. 

Capacity to cut keyways up to 4 in. wide. 

Broaches square holes up to 4 in. across flats from a drilled hole 
in steel. 

Stroke 60 in. 

Hole in face plate 6 in. 

Manufacturer’s recommended drive pxilley speed. . 460 r.pan* 

Machine Class L35 

Centering lathe, Whiton Machine Co., 4 by 86 in, 

Floor space: 10.6 by 2.25 f%. » 23,63 sq. ft, 

Size of motor: I hp, 
yirst Qost: 
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Inches 

Capacity diameter to 4 

Capacity length H to 

Spindle feed IJg 


Spindle No. 2 Morse special taper. 


Machine Class L36 


Engine lathe, Le Blond 17 in. by 4 ft. 3 in. 

Floor space: 8.6 by 5 ft, = 43.0 sq. ft. 

Size of motor: 10 hp. 

First cost: SI, 750. 

Swing over bed 

Swing over carriage 

Distance between centers tail stock flush 

Spindle-hole diameter 

Centers No. 4 Morse. 

Screw cutting. 

Turret tool post 

Manufacturer’s recommended counter- 
shaft speed, 


Inches 

17K 

11 % 

4 ft. 3 in. 


IMe 


1 by 1% 

175 and 210 r.p.m. 


Machine Class L37 


Engine lathe, American. 

Floor «pace: 10 by 3.5 ft, = 35 sq. ft. 

Size of motor: 10 hp. 

First cost: $1,100. 

Swing over bed 

Swing over carriage 

Distance between centers tail stock flush 
Centers No. 4 Morse taper. 

Spindle-hole diameter 

Screw cutting. 

Turret tool post 

Manufacturer’s recommended counter- 
shaft speed 


Inches 

20 % 

13% 

4 ft. 3 in. 

1 % 

1% by IK in- 
168 and 211 r.p.m. 


Machine Class L38 

Engine lathe, Le Blond 17 in. by 4 ft. 

Floor space: 8.6 by 5 ft. - 43 sq. ft. 

£^e of motor: 10 hp. 

First c6st: $1,750. 

Inches 


Swing over bed 17% 

Swing over carriage 11% 

Distance between centers tail stock flush 4 ft. 3 in. 
Spindle-hole diameter 1 ft. in. 
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Centers No. 4 Morse. 

Screw cutting. 

Turret tool post 

Manufacturer’s recommended counter- 
shaft speed 


Machine Class L39 

Engine lathe, Le Blond 19 in. by 5 ft. 8 in. 

Floor space: 11 by 4 ft. = 44 sq. ft. 

Si 2 e of motor: 15 hp. 

First cost: $2,060? 

Swing over bed 

Swing over carriage 

Distance between centers tail stock flush 
Centers No. 5 Morse taper. 

Spindle-hole diameter 

Screw cutting. 

Turret tool post 

Manufacturer’s recommended counter- 
shaft speed 


Machine Class L40 

Engine lathe, American. 

Floor space: 14.5 by 3.5 ft. « 50.75 sq. ft. 

Size of motor: 15 hp. 

First cost: $1,530. 

Swing over bed 

Swing over carriage 

Distance between centers tail stock flush 
Centers No. 4 Morse taper. 

Spindle-hole diameter 

Screw cutting. 

Turret tool post 

Medium pattern. 

Manufacturer's recommended counter- 
shaft speed 


Machine Class L41 


1 by 1% in. 

175 and 210 r.p.m. 


Inches 

19K 

14 

5 ft. 8 in. 

IM in, 

1 by IJ^ in. 

175 and 210 r.p.m. 


Inches 

24H 

17H 

7 ft. 10 in. 
in. 

IH by 2 in. 


220 and 272 r.p.m. 


Hand screw machine, Warner and Swasey No. 4 universal for bar stock. 
Floor space: 11 by 2.6 ft. 28.6 sq. ft. 
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Inches 


Swing over bed 16 

Swing over carriage 143^ 

Swing over cross-slide 8H 

Threading capacity soft steel 134 

Automatic chuck capacity round 134 

Automatic chuck capacity hexagon Ifie 

Automatic chuck capacity square IJfe 

Hole in automatic chuck plunger 1%6 

Carriage cross- travel 8 

Carriage longitudinal travel 17 

Maximum length turned with hexagon turret 10 

Maximum distance end of automatic chuck to 

turret 23 

Holes in hexagon turret 134 

Hand and power on carriage, turret and 
cross-slide. 


Machine Class L42 

Hand screw machine, Southworth No. 4 with bar stock equipment. 
Floor space: 11 by 2.6 ft. = 28.6 sq. ft. 

Size of motor: 2.5 hp. 

First cost: $800. 

Inches 


Swing over bed 16 

Swing over carriage 14 

Swing over cross slide 7 

Automatic chuck capacity round 1)4 

Automatic chuck capacity hexagon 1^6 

Automatic chuck capacity square 

Carriage cross-travel 8 

Maximum length turned with hexagon turret . 10 
Maximum distance end of automatic chuck to 

turret 23 

Holes in turret 1)4 

Hand feed on carriage and turret. 


Machine Class Ii43 

Special lathe, Lo-swing 8 by 61 in. 

Floor space: 9.6 by 3 ft. = 28.5 sq. ft. 

S(iae of motor: 10 hp. 

First Qpst: $1,600. 

Inches 


Swing 8 

Distance between centers, tail stock flush 61 

Two carriages 18 in. long. 


Manufacturer's recommended drive pulley speed. . 600 r.p.m. 
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Machine Class L44 

Crankshaft lathe, Lodge & Shipley. 

Floor space; 14 by 4 ft. « 66 sq. ft. 

Shse of motor: 7.5 hp. 

First cost: $4,600. 

Inches 


Swing over bed 28 

Swing over carriage 17 

Distance between head-stock and tail-stock plate, tail-stock 
flush 77 


Turret tool post, three-way special tools. 
Drives on both head and tail stock. 
Overhead bar to locate crankshaft. 

Stops for carriage. 

Machine Class M45 


Hand mill, Whitney No. 6. 

Floor space: 4 by 2.6 ft. *= 10.0 sq. ft. 

Sise of motor: 3 hp. 

First cost: $300. 

Inches 

Table working surface 20 by 4>i 

T-slots, one % 

Range longitudinal lever 6 

Range longitudinal crank 14 

Range traverse 6 

Spindle No. 9 B. & S. taper. 

Distance center-line spindle to table, minimum 0, 

maximum 16 

Vertical spindle adjustment 4 

Vertical knee adjustment llj^ 


Machine Class M46 

Plain mill. Brown & Sharpe No. 12. 

Floor space: 6.8 by 3.6 ft. « 20.9 sq. ft. 

Size of motor: 10 hp. 

First cost: $730. 

Inches 


Table working surface 29 by 6 

T-slots, one ^ 

Range longitudinal 26 

Range traverse 0 

Spindle adjustment longitudinal % 

Spindle range vertical 9 

Spindle No. 10 B. dc S. taper, drive tang. 


Machine Class M47 
Plain horizontal mill, Cincinnati No. 5. 

Floor apace; 12.6 by 10.66 ft. 133.25 sq. ft. 
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Size of motor: 15 hp. 

First cost: $4,200. 

Inches 

Table overall 83 by 21 

Table working surface 79 by 21 

T-slots, throe in., centers 5 

Kange longitudinal 50 

Range cross 14 

Range vertical 21 


Spindle will mn either direction. 

Spindle No. 12 B. & S. taper drive. 

Cincinnati standard flanged end. 

Manufacturer’s recommended dri\e pulley speed. , 600 r.p.m. 

Machine Class M48 

Horizontal ipill, Cincinnali No. 4. 

Floor space: 12.5 by 7.26 ft. * 90.63 sq. ft. 

Size of motor: 10 hp. 

First cost: $3,400. 

Inches 


Table over all 68)4 hy 16)4 

Table working surface 64)>^ by 16)4 

T-slots, three in., centers 3^ 

Range longitudinal 42 

Range cross 14 

Range vertical 20 

Spindle No. 12 B. & S. taper drive. 

Standard flanged end. 

Manufacturer’s recommended pulley speed 325 r.p.m. 


Machine Class M49 

Key seat milling machine. Burr No. 5, 60 in. 

Floor space: 10.66 by 3.75 ft. - 39.98 sq. ft. 

Size of motor: 6 hp. 

First cost: $880. 

Inches 

Table over all 66 by 9 

Table working surface 60 by 9 

Table feed longitudinal 60 

Distance center line horizontal spindle to table 

maximum ll^^r minimum 4 

Horizontal spindle will take cutters l)4-m. hole up to 
5 in. diameter. 

’‘Vertical spmdle has SJ^-in. vertical adjustment. 

Distance vertical spindle nose to horizontal spindle 

center line in. below, 1)4 in. above 

Vertical spindle has No. 7 B. & S. taper. 

Vertical spindle has horizontal adjustment of 1 in* 

T-elots, three in., 3-in. centers. 


328 
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Machine Class M50 

Plain horizontal mill, Milwaukee No. 4B (special-length table). 


Floor space: 12.25 by 9.5 ft. == 116.37 sq. ft. 

Size of motor: 15 hp. 

First cost: $4,440. 

Inches 

Table working surface 88 by 18 

T-slots, three in., 4-in. centers. 

Range longitudinal 52 

Range traverse 14 

Range vertical 20 

Spindle No. 12 B. & S. taper, drive lugs. 

Spindle runs either direction. 

Double-head attachment distance between 
cutters, minimum 6, maximum, 24 
Manufacturer's recommended motor 15 hp. 
speed 1,200 r.p.m. 


Machine Class P51 

Vertical hydraulic press, Logeman 50 ton. 

Floor space: 9.5 by 5.66 ft. — 53.77 sq. ft 


Size of motor: 5 hp. 

First cost: $1,025. 

Capacity 50 tons 

Inches 

Width between tension rods 21 

Maximum opening table to ram 27 

Maximum stroke of ram 18 


Machine Class P52 


Punch press, Williams & White No. 14^, double. 

Floor space: 9.33 by 4.5 ft. ~ 41.98 sq. ft. 

Size of motor: 10 hp. 

First cost: $1,000. 

Inches 


Stroke 

Die space 

Ram face 

Size of table 

Size of hole in table 

Throat distance inside ram to column 

Capacity punch 

Capacity shear 

Capacity 

Capacity splitting 

Manufacturer’s recommended strokes. 


IH 

10 

5}<i by 15 

10Kby20 

3 by 6 

6 by 17M 

1-in. hole in 1-in. plate. 

% HI. round 

4 hy 4 by Ke hi. angle 

%-in^ plate 

30 per minute 
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Machine Class P63 

Power shears, Niagara 66-in. by 10- gage. 

Floor space: 10.5 by 6.66 ft. = 69.9 sq. ft. 

Size of motor: 10 hp. 

First cost: $475. 

10 gage or lighter 
66 in. 

15 in. 

250 r.p.m. 


Capacity soft steel 

Length of blades 

Throat distance 

Manufacturer’s recommended drive pulley 
speed 


Machine 1154 

Follows gear shaper, No. 612 standard. 

Floor space: 6 by 4.5 ft. * 27 sq. ft. 

Size of motor: 8 hp. 

First cost: $1,400. 

Capacity spur gears: 35 in. outside diameter, four pitch 
14)^-deg. pitch angle, or three-fourth pitch 20-deg. pitch 
anglfe, 5-in. face. 

Capacity internal gears: 25 in. inside diameter, four pitch 
14K-deg. pitch angle, or three-fourths pitch 20-deg. pitch 
angle, 3-in. face. 

Maximum cutter 4 in. pitch diameter. 

IJi-in. hole in work spindle. 

Distance bottom of saddle to work spindle bushing end 5J^ in. 
Distance center-line cutter sUde to center-line work spindle: 
For spur gears, minimum 0 in., maximum, 20}^ in. For 
internal gears, minimum 0 in., maximum, 10 in. 

Distance cutter slide nose to work spindle bushing end: 
minimum 23^ in., maximum, 7 in. 

Manufacturer’s recommended countershaft speed. 605 r.p.m. 
Machine Class P55 

Punch press, Consolidated Press Co. No. 5 back geared inclinable. 
Floor space: 5.1 by 4 ft. = 20.4 sq. ft. 

Size of motor: 8 hp. 

First cost: $1,400. 

Inches 


Throat distance 8K 

Distance between columns 13 

Stroke 3 


Machine Class X56 


Bench. 

Floor space: 2.6 by 6 ft* « 12.6 sq. ft. 
Size of motor: 0. 

First cost: $26. 
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APPENDIX B 


DETERMINATION OF ECONOMIC LOT SIZES^ 

obtain the lowest cost of production which will be a 
minimum for a given business situation and permit a conservative 
use of capital, equal emphasis inunl be placed upon the interests 
of the financial and sales executives as well as upon those of 
the production execuifivc* The first insists upon small inven- 
tories, a rapid turnover of capital, and low costs; the second 
demands an attracUve and diversified line of products, prompt 
deliveries, and a price low enough to meet competition. 

^^Coordination of these various factors can easily be achieved 
in industries where continuous lines of production have been 
adopted, because, when raw materials can be made to flow 
through a sequence of closely related manufacturing operations 
without interruption at a rate equal to that for the sales demand, 
the problems of inventories and machine change-over are auto- 
matically eliminated. However, in other industries or companies 
it may be inadvisable to adopt such methods owing to a wide 
diversification of products which must be supplied in a variety 
of sizes to a more or less limited market. Likewise, rapid style 
changes and design obsolescence will influence the arrangement 
of manufacturing schedules which may best avoid the accumula- 
tion of a large number of unsalable articles should the demand 
suddenly shift. Moreover, it is quite possible that the additional 
amount of capital, required to carry on production on a larger 
scale, is not available, and the financial position of the company 
may not warrant borrowing the necessary funds. 

*^In any of these cases, intermittent methods of production 
must continue. This means that all products must be manu- 
factured in lots or quantities of convenient size. The processing 
of any lot will naturally involve a cost for setting up and dis- 

^ RatMond, F, E., Economic Lot Sizes, Factory and Ind, Management^ 
vol. SO, No. 1, p. 39, July, 1930, reproduced by permission of the author an^ 
fjublisher. 
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mantling the manufacturing equipment, which, together with 
that for production control, will create a charge that must be 
prorated to the entire group of articles. Similarly, a charge 
will arise from the cost of carrying the inventory, which will 
increase in proportion to the amount of stock required in anticipa- 
tion of the sales demand when the equipment has been shifted 
to the production of other articles. This will continue until the 
stock of the original article has been reduced to the order point, 
whereupon the cycle will repeat itself. If the size of the lot 
be too small, the ultimate unit cost for the lot will be increased 
beyond all reason, because too large a proportion of the prepara- 
tion costs will have to be borne by 
each unit of production. On the 
other hand, if the lot be too large, 
inventories will be built up and the 
rate of capital turnover will con- 
sequently decrease. 

Where should the production exec- 
utive draw the line in determining the 
best lot size if he is to satisfy the inter- 
ests of the sales and financial divisions 
of his concern as well as his own ? He 
will not find it diflScult if he recognizes an economic balance 
between the unit allotment of the total preparation costs and 
the unit cost of carrying articles in inventories, for the quantity 
which can be produced at a minimum ultimate unit cost. This 
fact may be demonstrated graphically by reference to Fig. 133, 
where it may be seen that the minimum point of the ultimate 
unit-cost curve U, which contains all the charges which accrue 
to an artide up to the instant it is finally removed from inven- 
tories, lies directly over the intersection of the curve for the 
unit-preparation cost P/Q and the straight line I/Q = f(Q/S) 
representing the unit investment and storage charges. In 
other words, the same quantity or lot size will satisfy both situa- 
tions, and this specific one should be the best from a cost stand- 
point alone. 

this relation be expressed mathematically, it will be found 

that 



FiC. 133. 


P 

Q 



( 1 ) 
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where 

Q = best lot size in pieces. 

P ~ total preparation cost in dollars. 

S *= yearly rate of consumption in pieces per year. 

/ = unit investment and storage charge factor, in dollars per 
piece per year. 

so that if this expression be solved for Q, the minimum cost 
quantity will become 


jPS 

V r 


“As a result of extended investigation into the practical appli- 
cation of this general formula, it has been found that the factor 
/ should be made up of three elements (Ks + Ky, + Kv), instead 
of only one, as has been the usual practice in the past. Formerly, 
all expressions for the minimum cost quantity were based up>on 
the element which represents the investment charge for 
carrying finished goods or their component parts in stores and 
can be written as 

& = - b(i - 0] (3) 

where 

c = unit production cost, composed of the unit cost of mate- 
rial, direct labor, and its overhead in dollars per piece. 

i = interest rate per year (decimal per year). 

D == rate at which articles can be delivered to stores in pieces 
per year. 

n « number of batches or subdivisions of the production lot, 
if any, 

“Recently, cases have been encountered in which the bulk of 
the finished article was so large in proportion to its dollar value 
that it was necessary to take into account the charges which 
accumulated on the space occupied by the article while in stores, 
as well as cost of capital. The element can be written as 

where 


- 10 - 0 ] 


8 ■■ space charge in dollars per square foot. 
b ■» bulk of the article in cubic foot per piece. 
h » average height to which storage is permissible on each 
square foot of floor space in feet. 
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“Finally, it has been found that the cost of capital does not 
arise entirely from that invested in stores inventories, because 
there are naturally comparatively large amounts of capital which 
are similarly invested in work in process. If the correct invest- 
ment charge is to be employed in the delermination of the best 
lot size, the cost of capital as derived from all sources must be 
fully accounted for. Accordingly, the element Kv> must be 
included as well and can be written as 

( 5 ) 

where 

m = unit cost of raw material only in dollars per piece. 
t = average time for one piece to complete the cycle of manu- 
facturing operations. 

“If these three elements be now introduced in place of the 
factor /, the general expression for the minimum cost quantity 
becomes 



The actual mathematical derivation of this expression is quite 
complicated and would serve no real purpose should it be given 
here. It cannot be too strongly emphasized that the use of 
abbreviated expressions is extremely dangerous, as experience 
with a wide variety of applications to various types of problems 
has conclusively shown that all elements must be considered if a 
reliable means of production control is to be obtained in this 
manner. However, it will be demonstrated later that when the 
factors governing a given situation are specified, this general 
expression can be simplified by the omission of those elements 
which are obviously of little or no importance. Such treatment, 
when properly employed, will greatly shorten the labor of calcu- 
lation and still 3rield results that will be found to approximate 
closely those which would have otherwise been obtained from the 
general formula. 

“The fact is that minimum cost quantities do not yield 
the true economic lot size, because in their derivation only the 
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view points of the production and sales executives have been 
considered. The interests of the financial executives will be in- 
troduced into the formula to show how capital can be properly 
conserved and, at the same time, a flexibility of production 
schedules maintained to permit adjustments to changes in the 
sales demand. 

“To demonstrate more conclusively how the manufacturing 
and financial policies interlock, and to permit a better under- 
standing of this new concept of the economics of manufacture, 
we shall consider a concrete example. Let it be assumed that 
$220,000 worth of business can be obtained in a year from the 
sale of a specific product on an initial investment of $100,000 
upon wliich a return of 10 per cent is earned. 

“The gross return, then, will be $20,000 because the initial 
capital must be turned over twice a year. Now let the lot 
size be reduced to a point where the same amount of yearly 
business can be done on an investment of only $25,000. Again, 
assuming that a greater return than 10 per cent cannot be 
earned on account of the severity of competition, the profit 
on each turnover of capital will naturally be only $2,500. How- 
ever, the size of this lot will permit an inventory turnover of 
eight times a year, and this will bring the gross return back 
to the original $20,000. Obviously, the smaller quantity 
will be the better lot size from the financial executive's point 
of view, because, by an average expenditure of only $25,000 
maintained throughout the year, each dollar thus invested 
will return 80 cts. profit, whereas, when the average capital 
expenditure was $100,000, the return on each dollar was only 
20 cts. 

“If, in this example, minimum cost production can be obtained 
only for the lot size which requires an investment of $100,000 
to finance the manufacturing operations, because of the nature 
of the product and process and the extent of the sales demand, 
it is at once evident that a smaller production quantity could 
not be produced for so low a cost. Now, if any benefit is to be 
derived from the conservation of capital by the production of 
a lot whose size will permit the average investment to be reduced 
from $100,000 to $25,000, the natural increase in cost must be 
offset in some manner so that the same gross return will be earned 
as in the first case. Obviously, if this can be achieved, a truly 
eoociomioal manufacturing situation can be attained which 
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should satisfy not only the production and sal^i executives 
but also the financial executives, and the lot size which will 
meet these requirements can then be justly designated as the 
economic production quantity. 

** If the annual gross return be prorated to each unit of product 
sold, it is not a difficult matter to demonstrate that the increase 
in unit cost due to the production of a smaller lot can be offset 
by an equivalent reduction in the unit margin of profit; especially 
as it can be seen from the foregoing example that the gross 
return bears a definite relation to the capital invested in the 
manufacture of any single lot, and the number of times this 
initial investment is turned over during the year. Further- 
more, it can be shown that the initial capital investment is, 
in reality, a function of the value of each unit produced and the 
size of the lot, provided that an adjustment of the fixed capital 
represented by the manufacturing facilities employed in the 
process is made by the introduction of an appropriate 
constant iZ/. Asa result, it will be found that the unit margin of 
profit, which for any lot size will insure the same gross return, 
is directly proportional to the quantity produced. 

‘*Now if Fig. 134 be referred to, where the curve U represents 
the summation of the corresponding values at any point on 


the 


curve Q and the 


lines Q - f ~g 


and c, as described 


in connection with Fig. 133 and if the values of the unit 
margin of profit {R/Sy be subtracted from the minimum 
sales price represented by the horizontal line p, from which 
the cost of conducting the business has been already deducted, 
a line Ul sloping downward can be di jiwn which will indicate 
the extent to which any value on the c’ /rve U may be increased, 
as occasion demands, without impairir g the annual gross return 
R. Moreover, if the spread between cost and price or any quan- 
tity produced is to be so regulated as to adhere to the basic 
assumption with regard to the gross return, it is obvious that 
the line U l must pass through the minimum point of the ultimate 
unit cost curve U at Accordingly, as the line Ul is at all 
times straight, because it depends directly upon the lot size Q, 
it must intersect the curved line U of actual unit cost at another 
point as well. This second point of intersection will be for a 
smaller lot size and, as it lies on both the curves U and U^f 
* Where 8 represents the total antieipated sales for the year. 
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it is esrident that the increase in cost L = (?7e — can be 
exactly offset by the permissible reduction in the unit margin 
of profit [{R/S)m — (R/S)e] so that the gross return for the year 
can still be maintained at an amount equal to that for the 
minimum cost quantity. Since this lot size meets the require- 
ments imposed by the financial as well as the production and 
sales executives, it can be designated as the economic production 
quantity. 

‘‘Before turning to the derivation of a method of computing 
this quantity for use in the daily control of production, it is 
important to note that over the range between the economic 
quantity and the minimum cost quantity Qm the curve Uz, 
lies above the curve U, This fact indicates that the actual 
cost of all manufacturing operations for any quantity within 
this range will permit a unit margin of profit greater than that 
necessary to yield gross return equal to that at minimum cost. 
If this be so, any production quantity within this range can be 
employed in the scheduling of production in accordance with 
any reasonable fluctuation in the sales demand, without requiring 
any computations to check the reliability of the quantity so 
selected. This provides a marked degree of flexibility, which 
opens up an excellent opportunity for the automatic regulation 
of manufacturing operations within limits which definitely 
insure an adequate profit without requiring too close a daily 
supervision of manufacturing costs. Therefore, any quantities 
lying between the economic and minimum cost quantities will 
henceforth be designated as constituting the economic range of 
production. 

“Since it is possible to justify the conservation of capital 
and to provide a greater degree of flexibility by the determination 
of the limits for economical production, it will be of much advan- 
tage to introduce some method of determining accurately the 
economic production quantity Qey which will be parallel to 
that already devised for computing the minimum cost quajitity 
Qm- This can be accomplished by employing the relations 
graphically illustrated in Fig. 134. However, any attempt to 
cany through the various steps involved in deriving such a 
mathematical expression would defeat the purpose of this 
article, because it is intended here only to emphasiase the funda- 
mental principles und 6 rl 3 dng this new concept of the economic 
aspect of manufacture. Accordingly, the various steps will 
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have to be taken for granted, but it can be stated on excellent 
authority that the correct value for use in solving practical 
problems in industry may be obtained from the formula where 

= 4{K. + K^) KrTK. 


fcr = 1 + 2-. + Y 

li this general relationship be expanded by the introduction 
of the individual expressions for the elements Kgj and Kv 



Values of Q- (pieces) 


Fio. 134. 


in the denominator as desrived in the first part of this appendix, 
a universal equation may be written where 



"It is well recognized that this mathematical expression may 
appear so formidable as to be of little practical atility, not only 
because lengthy and tedious calculations are implied, but also 
because subordinates in the production-control departo^t 
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are unfamiliar with their treatment. This practical aspect 
of the problem has been in no wise overlooked, because methods 
of simplification will be derived and their utility demonstrated 
which will permit anyone to make the necessary computations. 
In fact, by this procedure both the formulas for the economic 
production quantity and the minimum cost quantity can be 
reduced to a simple form which in most cases need employ 
but five or six variables, and in extreme cases only three — per- 
mitting the adoption of mechanical mteans of solution such as 
slide rules and charts. ^ 

‘‘Even though simplified formulas for the determination of 
the lot size will be of definite advantage, care must be exercised 
in the selection of the one which will be appropriate for use in 
any specific case. If the wrong formula be employed, erroneous 
results will be obtained because the elements upon which it is 

Table XXXVII. — Data Collection Sheet for Economic Lot-size 
Determinations 


Itein 1. Unit material cost (m) .per piece. 


Operation 

number 

Unit 

operation 

time, 

hours 

Unit labor 
cost, 

dollars per 
piece 

Overhead, 

dollars 

per 

piece 

Machine 
change- 
over cost, 
dollars 

Number of 
batches 

1 





(») 

[Item 2] 

2 

3 

4 

Etc 

Last 

Totals 

to ‘ 

1 

0 

M 



Item 3. Unit production cost c ==i-}-o = S per piece. 

Item 4. Total production control cost per lot G = $ 

Item 5. Total preparation cost P — M -f(7 = $ 

Item 6. Unit process time t - U (number of working hours per day 

X number of working days per year) so that t — years per piece. 

Item Rate of consumption S = pieces per year- 

item 8. Rate of delivery to stores D pieces per year. 

Item 9. Interest rate % per cent per year -5- 100 =* 

Item 10. Expectedrateof return r (per cent per year ^ 100) =» 

Item 11. Unit storage space charge $ « $ per square feet per 

year. 

Item 12. Overall volpme of article h ^ cu. ft. 

, Item 1$, Overall height for storage h ^ ft* 
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based have, in all probability, little or no influence upon the 
actual quantity which ought to be produced to achieve the 
desired economical conditions. 

“For instance, when the simplest formula which has been 
developed so far is applied to a product for which there is only 
a moderate demand and which involves a comparatively large 
preparation cost, mainly owing to the complicated machine 
set-ups required, a reliable value for the lot size can be obtained. 
However, if this same formula be applied to a product which 
requires a relatively long time f^r Ihe processing of the lot in 
comparison vith the time any unit thus produced will remain 
in stores inventories, the resulting lot size will be utterly unre- 
liable. The reason for this lies in the fact that the cost of 
the capital invested in work in process is the controlling element, 
and not the inventory charges incurred upon articles in stores, 
as was true in the first case. Similarly, if this original formula 
be applied to a product similar to furniture or automobile bodies, 
where the ratio of its volume to its value is large in contrast to 
such a ratio for a product similar to a high-grade watch, the 
economic balance will no longer depend upon the investment 
charges but upon the cost of storage space. 

“Consequently, since the characteristics of any unit of produc- 
tion, as well as the method employed in its manufacture, in 
one industry may differ from those for any other, the lot size 
should be determined by the use of the simplest formula which 
takes into account the specific characteristics pertaining to the 
particular type of industry. The resulting formulas will be 
no more complex than the one first referred to, unless the con- 
trolling factors are unduly interrelated. The problem, therefore, 
resolves itself merely to the selection of the single unit-cost 
element which can be employed in the denominator of either 
of the formulas for the economic production quantity or the 
minimum cost quantity that is responsible for the greater portion 
of the total unit charges derived from the cost of capital and 
storage space. In some rare instances, however, no single 
element can be found that alone controls the situation. Then 
two elements must be employed. 

'‘These elements are identical with those in the first part of 
this appendix where the composition of the factor/ was discxxssed 
in the derivation of the minimum cost quantity. In order to 
develop a reliable means for selecting the appropriate element for 
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Table XXXVIII. — Calculation Sheets 
Part I. Procedure for the Selection of Simplified Formulas 
A. Preliminary Facts 

Item 1. Divide s by ^ and multiply by 2//i. 

Note. Item 1 is a oonstant for all problems in a given plant. 

S 

Item 2, Subtract the ratio -jy multiplied by kp from 1 

where kp = 0 for non-continuous production. 
kp ^ 1 for BCini(^ontinuous production. 

Ajp == (1 — 1/ri) for batch production. 

B. Computation of Rates 
Item 3. Divide b by r. 

Item 4. Multiply item 1 by ikmi 3 to find index ratio Rv. 

Item 5. Divide S by item 2, 

Item 6. Divide m by c and add 1. 

Item 7. Multiply item 5 by item 6 b^’^ t to find index ratio 
Item 8. The constant 1.0 designat(‘d as ^Mndex ratio 
Item 9. Add items 4, 7, and 8 to obtain index ratio Re 
Item 10. Compare index ratios /?«,, and R, (items 4, 7, and 8) and 
ielect the one or two the value of which is or are equal to at least % Rc (or 
2/3, item 9), and choose the simplified formula in Table XXXIX, which 
depends upon this index or these indexes, as shown in the column of condi- 
tions of use. 

Part II. Procedure for Determining the Allowable Variation 
and the P^orm Index fe (Optional) 

Item 11. Multiply item 9 by i by 2. 

Item 12. Divide item 5 by item 1 1. 

Item 13. Divide c by P. 

Item 14. Multiply item 12 by item 13. 

Item 15. Find the square root of item 14. 

Item 16. Add 1 to item 15 to find ‘‘problem index'’ Ko- 
Item 17. See Fig. 135. Select curve in portion of chart to the right of 
line M for an allowable percentage increase X in unit cost over the minimum 
cost and locate point on bottom scale for values of the form index /c below the 
point of intersection of the appropriate curve for X with the horizontal line 
drawn through the valfee of the problem index Ko (item 16) on the vertical 
scale. 

Item 18. Read off the decimal figure for the form index /c, and this 
number may be used in place of the ratio in item 10 (Part I) to aid in 
the selection of the appropriate formula, if greater accuracy is desired. 

use in a given problem which will require the least effort, a 
serifes of index ratios have been established for comparing the 
relative importance of each element one with another, as well 
as with the total of all combined. As a result, all the items 
common to any two of the elements, the relation of which is 
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desired, can be eliminated, and a direct comparison can then be ob“ 
tained between those items which actually control each situation. 
As a matter of fact, it is necessary only to evaluate two such 
ratios because, if the most frequently used element be employed 
throughout as a common denominator, the relative importance 
of all three can be demonstrated immediately. Moreover, 
there will never be occasion to evaluate the ratio for all the 
elements together because the sum of these two ratios plus one 
will yield the same value for this third ratio as if it had been 



Fig. 135. — Where greater accuracy iff desired, or where peculiar conditions 
cause some doubt as to the reliability of the assumption of a form index of 
this chart may be used. The decimal value of (Jc) is read from the bottom scale 
and used in the selection of the proper formula. 

determined separately. Then, by an inspe^jtion of the values 
for these ratios, the singte element which constitutes the greater 
part of the total value, should all three elements be combined, 
can be promptly selected. 

‘^Naturally, if two of the elements in the problem are to be 
disregarded, their omission will produce results which will vary 
to some degree from the true lot size that would have been 
obtained by the use of the general equations. To what extent 
are these variations permissible? Since the denominator of a 
simplified formula will be smaller than that where all elements 
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are employed, the lot size will be larger than that which should 
theoretically be used. This is interesting, because it becomes 
evident that the use of simplified formulas will have practically 
no adverse effect upon the economic production quantity, as a 
slightly larger value will still be in the economic range of produc- 
tion. However, a more dangerous situation develops with regard 
to their use in determining the minimum cost quantity, because 
the approximate value due to simplification will fall outside the 
economic range, and thus the production cost will not permit the 
profit normally anticipated. 

“Accordingly, some limit should ho established for the selection 
of elements, which will prevent too great an encroachment upon 
the profit margin or, in regard to the economic quantity, too 
little opportunity properly to conserve capital. This limit 
should indicate to what extent the value of the denominator in 
either one of the general formulas may be diminished in order 
to permit the selection of the single element, if possible, which 
will assure the requisite degree of accuracy for the resulting 
simplified form. From a study of a large number of cases, 
it has been found that a reliable approximation for all problems 
can be obtained when the summation of the ratios representing 
the elements in a simplified form is two-thirds the summation 
of the three basic ratios together. However, in order to under- 
stand this situation properly, it should be recognized that the 
degree of approximation really depends upon the nature of the 
problem and the extent to which the minimum cost can be 
increased to permit the production of a quantity slightly larger 
than that which would be actually produced to obtain this 
lowest cost of all, 

“If the ratio used as a measure of the approximation in accord- 
ance with the elements actually employed be designated as the 
^form index, ^ it can be stated in turn that the limiting value 
for the form index can be computed from the maximum per- 
missible increase in unit cost and the ‘problem index. ^ The 
value of the first item must necessarily be determined by execu- 
tive policy, and the value of the second depends upon the pro- 
portion which the total preparation costs bear to the total 
ultimate unit cost and will be a constant for any problem. These 
facts will be of much assistance in the choice of a simplified 
form, because it can be shown that when the problem index is 
small a greater amount of care must be taken in selecting the 
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appropriate elements than when it is large. Thus, if it is found 
that the total preparation cost is less than one-half of 1 per cent 
of the total ultimate unit cost, a reasonably large degree of 
approximation is permissible even for a relatively small per- 
missible increase in cost, normally one-tenth of 1 per cent of the 
total ultimate unit cost, and then a form index of four-tenths 
can be employed in place of two-thirds, as before. Such latitude 
should permit the choice of the simplest possible formula for 
the determinatioi^ of the lot size and give ample assurance that 
the variation from the true lot size will in no way jeopardize the 
manufacturing profit or policies. 

Often, a general survey of the methods of production and 
the characteristics of each unit of production will show that 
all lot-size computations in a given plant may utilize the same 
general type of simplified formula. Similarly, certain industries 
will employ the same simplified formula so that, once the most 
adaptable form has been chosen, it will be necessary to be on 
the watch only for cases which are exceptions to the rule. These 
exceptions alone will need a separate determination of the correct 
formula. For the most part, familiarity with the method of 
making these computations as illustrated in the calculation sheets 
(Table XXXVII) will permit anyone to ascertain, without having 
to perform the detailed calculations, which of the simplified 
expressions should be employed. If any of the computations are 
found necessary, reliable values for the index ratios can be 
obtained by the use of a slide rule, as no number need be read 
to any greater degree of accuracy than that given by two signi- 
ficant figures. 

‘‘The calculation sheets have been devised for use in any 
planning or production-control department, and the procedure 
has been so arranged that any clerk or subordinate can follow 
the various steps without a particular knowledge of mathematics 
or a specialized engineering training. It will be noticed that 
these sheets have been divided into two parts, the second one 
of which is optional. The first, for general use, outlines the 
procedure for the selection of simplified forms of the general for- 
mulas. The second provides means for determining the maxi- 
mum allowable variation, by establishing the correct limit 
for the form index, should the arbitrary value of two-thirds 
appear at any time to be inappropriate. Because any variation 
from the true economic production quantity caused by simpli* 
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General form 


Table XXXIX, — Simplified Formulas 
CJonditions for use 


V, 


PS 


^ , - when index ratio is chosen. 


PS 


Qv> ^ \ when index ratio Ry, is chosen. 


PS 

Ky 


when index ratio Rv is chosen. 


when both index ratios Rs and Ru> are 


'^{K. + K„}kr 

V PS 

K k 2 4- X both index ratios R^ and Rv are chosen. 


chosen. 


PS 


Qwv * ’^hen both index ratios Ru, and Rv are chosen, 

where 


ir..(” + ')si 


Jor the economic production quantity Qe 

krl = (l +i) 


kr2 = 1 -h 2. 4* -p olTn 


*r, = 1 + + 

z 


4 - 


iht (m 4- c) 


and 


krh frr 2 , krz = 1 (unity) for the minimum cost quantity Qm- 


fication will in no way impair the expected profits, the elements 
employed in its determination need not be separately chosen; 
those which apply to the minimum cost quantity may be employed 
in this relation with equal satisfaction. 

“Even though simplification introduces certain approxi- 
mations in the determination of the lot size, it also provides 
a short-cut method for computing the true values of the minimum 
cost quantity or the economic production quantity. This can 
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be accomplished through the use of the form index as a corrective 
factor, because it represents the relation of the data employed 
in a simplified form to that required to obtain the exact size 
of the lot from one of the general formulas. Accordingly, 
any manufacturer can adopt for the solution of all problems the 
simplest one of the formulas for determining the lot size and 
then correct the results obtained by multiplying the approximate 
production quantity by the square rooi of the form index / 
For example, if the lot size be computed from the equation 


(h 


\ C7 


m 


the minimum cost quantity Q 
from 

Qm = Vf. X Q,n> 

where/, - f 


may be accurately calculated 


and the economic production quantity 
obtained from 

Q m') 


(I 


<1 = Vf/x 


(-:) 
1 


( 10 ) 

may bo similarly 

(ii: 


where /, ' 


(1 + Rw) + 


II, 


and kr 


2r 

1 + - + X 


1 4" Rn 


1 + + Rv 



APPENDIX C 

DEPRECIATION DATA 


*'Tho rates rccom mended lielow are rates that will stand the test of the 
ineome tax laws and have been accepted by the Bureau of Internal Revenue 
in the settlement of a ^;rt‘at numbei of tax cases. At the same time they are 
rates that will assure the indust adequate* allowances for cost-finding 
purposes. 


Item 

Lif(‘, 

years 

Rate, 
per cent 

Real estate improvcum'nts. 

Roadways: 



Brick 

8 to 10 

10 

Concrete 

10 

10 

Macadam 

Walks: 

6 to 7 

15 

Brick and cement 

10 

10 

Wood, charge to expense, not over 

Fences and Walls: 

2 

50 

Iron and wire 

10 

10 

Wood or wood and wire, etc 

Fences made of these materials are usually in 
bad shape before the end of the second year 
or so.^ Therefore, it would be more proper 
to consider all such outlays as charges to ex- 
pense immediately. In no case depreciate 
for more than 2 or 3 years. 

2 to 3 

50 to 331 ^ 

Railroad tracks and sidings 

Railroad tracks must bo kept in A1 condition at all 
times. The repairs, replacements, and general 
maintenance should be expensed in all cases. In 
some cases depreciation charged at the same rate 
as the buildings they serve would be entirely 
justified. 

20 to 25 

4to5 


AIJ of the above items are subject to the elements, and this factor should 
be considered. All renewals, repairs, replacements, moving, and all other 
such outlays should be charged to expense at once. 
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Item 


Life, Ilate, 
years per cent 


Buildings: 

Concrete, reinforced 

Concrete block, etc 

Brick i 

Wooden I 

Steel frame, corrugated iron walls, etc j 

Building equipment: ' 

Plumbing: The rough usage of plumbing and fix- j 

tures in machine shops and the many frecpient 
changes and moves warrants not over a t(in-year 

life 

Electrical wiring: Due to th(‘ nunuTous changes 
that are constantly being made a r)-year lif(‘ is 

considered about normal 

Elevators, freight and passenger 

Sprinkler systems ' 

Heating and ventilating, same class as plumbing . . 
^Vll of these items are subject to many chang(‘s, j 
replacements and maintenance chargers, and j 
constant moving around to suit new operating 
conditions. All changes, replaccanents, and 
improvements should be charged to expense 
immediately. 

Machinery: 

Machine tools: 

Large, heavy 

Small, light 

Automatic 

It is very obvious that the larger and heavier 
type of machine tools have a longer economic 
and useful life than the smaller and automa- 
tic machines. A shop that has a large num- 
ber of automatic machines should charge a 
higher rate for those machines, as the actual 
wear and tear is much greater and the obso- 
lescence is more acute. The heavier 
machines are not subject to the same degree 
of obsolescence as the smaller machines and 
the automatics. The three distinct classi- 
fications are therefore recommended for 
mojt machine tool plants. ______ 


30 

20 

20 

10 

7 to 8 


10 


^ I 

10 I 

20 
10 


10 

8 

0 to 7 


3K 

5 

5 

10 

15 


10 


20 

10 

5 

10 


10 

121 ^ 

15 
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Rate, 
per cent 


Machinery : {Continued) 

A fourth classification, at a lower rate of 5 or 
])er cent, Jtiif^lit be added to coV(‘r the 
extremely lar^;e machines found in a few of 
the shops making th(‘ largest type of ecjuip- 
ment. 

No rate of less than 10 per (amt s])ould apply to 
th(j gt'neral classes of machiin* tool equip- 
ment commonly in u,s(' in the majority of 
plants. The lower rate is the exemption 
rather than the rule. 

Motors, controllers, and ('hmtrical equipnuuit, indi- 
vidual-line motors, etc 10 

Cranes, electric, overln ad traveling, and cran(*w'a>'S, 

hydraulic, st(‘am, etc., and lifting magnets 12 to 15 

Hoists, jib cranes, hand craiu‘s, (‘h'ctric and chain | 

hoists, derricks, etc 0 to 8 

Shop equipment : I 

Hangers, pulleys, and shafting (due to obsoh'scence) i .5 
Furnac('s and forges | 5 to 7 


20 

15 to 20 


Lockers, bins, and benches: 

Wood('n, (duirge to expense 0 0 

Steel, of a stationary natun', not over 4 25 

Shop office equipment 4 25 

Shop office equipment is su])j(*ct to imuKual rough 
usage and depr(x*iat(‘S ver>^ rapidly. 

Blueprinting machines and equipment 10 10 

Breast drills and other electri(*ally or automatically 
operat(;d hand tools should be charged to expense. 

Small tools : 

Taps, reamers, drills, files, satvs, chisels, chucks, 
etc., should be chargi^d to expense immediately 
as issued to shop. 

Dies, jigs, and fixtures: 

Should be expensed immediately. If advisable to 
capitalize, they should be charged off over a 
period not to exceed throe years, or spread over a 
certain number of machines that would be normal 
to build and ship in the threc'-year period. 

Patterns and drawings: 

Should be expensed immediately. In cases 'where 
ix> is found advisable to capitalize, they should be 
spread over not more than a 3-year period the 
same as dies, jigs, and fixtures. 
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Item 


Life, Rate, 
years per cent 


Belting: 

Belting should be charged off to expense at once in 
all cases. 

Power-house equipment: 

Boilers ] 

Engines [ composite rate 

Generators J 

Office furniture and fixtures: 

Desks, chairs, and other furniture 

Mechanical office equipment: 

Typewriters, adding machines, check writers, 
printing machines, etc 

Automobiles: 

Trucks: 

Heavy 

Light 

Passenger cars 

Automatic signal systems 

Hospital equipment ^ 

Restaurant equipment, fixed 

This classification should include only such items of 
equipment as are fixed, such as ranges, boilers, 
tables, refrigerators and the like. Dishes, pots 
and pans, and other table and kitchen ware 
should be charged to expense. 

Second-hand equipment: 

Consideration should be given to the depreciation 
rates that are to be used and applied to used or 
second-hand equipment that is purchased or 
traded in and installed in the plant. It is self- 
evident that such items of equipment will have 
served a great part of their useful and economic 
life before they come into your plants. There- 
fore such items should not be put into a general 
machinery account and depreciated at the regular 
rate charged off on new machinery. Rates that 
in many cases are many times higher than the 
rate for new machinery should be used. Second- 
hand equipment acquired usually does not have a 
life of more than 4 or 5 years at the most and de- 
preciation rates should be set accordingly.*'^ 


10 


10 


7 to 10 


15 


3 


333 ^ 


4 

3 


7K 

5 to 7 

6 to 7 


25 

33M 

3 per cent 
a month 
15 

15 to 20 

16 to 20 


A tp. 1411, Aug. 15, lS2a. By pertaiMioa of Nat&cnial Assorifttion cl €o»i 




APPENDIX D 

THE DESIGN OF PRINTED FORMS 


Forme are used to give information, to indicate methods of 
procedure, and to aid in collecting and recording information 
by making filing easier and the infoimation more compact and 
convenient to use. The form saves time in recording and taking 
off information. 

1. Use and Purpose. 

In designing a form it is first necessary to know and under- 
stand the uses to which the form will be put. If two or more 
departments will use the form (either entering or taking off 
information), care should be used to meet the requirements of 
all concerned. 

2. Contents. 

A list of all information that will appear on the form should 
be made and then the different items should be studied and 
grouped in the sequence in which they are to appear on the 
printed form. 

3. Make-up of the Form. 

It is desirable to enter information on the form in the order 
that it is obtained and in the order that it will be taken off. If 
it is impossible to do this, preference should be given to entering 
the information, because more effort 4s exerted in this operation 
and there is greater chance for error. There are several subjects 
that should be considered here: 

a. Filing . — The most important location on a form is at the 
upper right-hand comer (for some filing systems the lower 
right4iand comer is most important), and this space should 
be used to record information used in filing and sorting. The 
use of different colors of paper may aid in sorting and filing. 
If not morp than duidicate or triplicate copies are required, 
different colors can be used to good advantage; but if many 
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copies are needed, it is often better practice to use one color 
paper for all and number each copy. Dark shades or colors 
may make it difficult to read the information recorded on the 
form. 

0. Heading , — It is desirable to give every form a name, and 
this is often placed at the top as a heading. If this space is 
considered too valuable and if it can be used to better advantage 
for other purposes, then the form name might be located at some 
other place on the form. 


PurehiM Ordtr 

THE AMERICAN MOTOR COMPANY 
Siicei Address 
Name of Cdy, Nome of Slate 


Order No 

Thl* Mabn mftt tMMr on !»• 

volt, B /L r.MK 
li*l. .IKI 




Req No 
Dept 

Your Order No 


Pleeae ship the foUdWing merchuidiM Mibiect to conditions below 

Ship to Ship via 

Data to be shipped Terms FOB 

ocMtomoNg 

AclniowWt*aw>tior>*t*aMmpsayingmuBtlMeaec«it«<(f«ndi<rturMd Goodt tubjcct to our iMpcction on arrivsl iie(w{th«UiMiinr prior 

•t Mco. peyimot to oUsm owb ihKount 

No eliM|BB altovod for boaiae otstiAc pr poeioiw Good* rojoetod oo Bccount ol interior qualiiy or workmBnehIp 

U prkt IB iM* Bhowii oe the origowi order iheet it miMt will be reiurn^ to you with charge (or trnniportatioo both wayt, plua 

he Inaerted by you oo the ettachod acknewtadginMt to be returaed labor retepding tritekiag etc and ere hot to be replaced except upon 

to ue laceipc of written inatructiont from u» 


QUANTITY 

ARTICLES 

PRICE 







" — 'r — 

Mad bivowa in duplicate and ec%uial B/L to 


THE AMERICAN MOTOR COMPANY 
By 


Fio. 136. — Standard purchase order. The arrangement of information on 
this form conforms to the style recommended by the National Association of 
Purchasing Agents. The form should be printed on a sheet in. wide, and 
mther 7, 11 or 14 in. long. 


c. Duplication . — Information that will appear alike on several 
different forms should havf the same relative position on the 
fimn. Hiis makes it possilde to use some duplication method or 
prooees for reoor^ng the data on several forms at one tune. 
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For example, it may be desirable to place the part number, the 
department number, and the number of pieces in the lot on 
the move ticket, the time ticket, and the inspection ticket. If the 
space for this information appears at the same place on each 
of the three forms, then the information can be recorded on or 
filled in on all three copies at once by the use of carbon paper or 
other means of duplication. 

d. Amount of Space . — The amount of space required for each 
item will depend on whether the form will be made out on a 
typewriter or by handwriting. The typewriter spaces 0.1 in.; 
therefore, the vertical rules should be in units of 10 spaces to 
the inch. The horizontal rules should be 3 or 6 to the inch 
depending upon whether single or double spacing is desired. 
Often rulings are omitted entirely when the typewriter is to be 
used. When handwriting is used, approximately twice as much 
space will be needed. It is unwise to crowd a form. The size 
and style of type used in printing will to some extent determine 
the space required. Gothic type should be used on all forms, 
as it is easy to read, blueprint, or photostat, and it looks well. 

e. Instructions . — If instructions are required to explain the 
use of the form or the exact procedure in filling it out, this 
information may be printed on the form in fine print at the 
bottom of the sheet. 

/. Signatures . — It is common practice to place signatures in 
the lower right-hand corner of the sheet. However, if other 
positions seem logical and more convenient, they can be used. 
Often an initial or initials of the person will take the place of a 
signature and will save space on the form. 

g. Checking . — Squares may be used for checking information 
instead of providing space for writing out the information, as: 

Date 

Ship by: 

Express 

Freight 

Parcel post 

'a. Form Number . — The form number should be placed in the 
lower right-hand or upper left-hand comer or where the space 
will be the least valuable. The number should appear at the 
same place on ail forms. The form number will indicate the 


Month 

Day 

Year 
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department number, the quantity, and the date (month and year) 
printed. The form number E 25 M 2-28 means Engineering 
Department, 25,000 forms printed in February, 1928.^^ 

4. Size. 

Two things determine the size of the form; First and by far 
the more important, there must be sufficient space for recording 
all the information, and then the size to some extent will be 
determined by the sizes that can be cut without waste from 
standard sizes of sheet paper. The standard sizes recommended 
by the U. S. Bureau of Standards and adopted by most paper 
manufacturers are: 


Inches Inches 

17 by 22 Double size 22 b^^ 34 
17 by 28 28 by 34 

19 by 24 24 by 38 

These sizes make it possible to cut the following usable sizes 
with little or no waste : 


Inches 

Inches 

3 by 5 

B}i by 11 

4 by 6 

by 14 

5 by 8 

11 by 17 


6. Quality of Paper. 

In selecting the quality of paper to be used, there are several 
use requirements to be considered. The ‘‘Handbook of Quality- 
Standard Papers,”^ published by the American Writing Paper 
CJompany, gives the following analysis: 

Treatment , — The amount and severity of handling, folding, or 
exposure to which the paper is to be subjected. This use factor 
is met by that property of the paper that has been defined as 
strength. 

Longevity . — The length of time for which the paper must resist 
deterioration. Longevity is determined by the degree of perma- 
nence required of the paper. Legal documents and records, 
for example, must resist deterioration for a long period of time. 
The ability to withstand deterioration marks the property of 
life in a paper. 

Appearance . — The character of sense appeal in the paper 
itsdf. As a use factor, appearance is obtained in the printed 

IF. 98. 
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piece by the proper consideration of that property of the paper 
that has been defined as appearance. 

Impress , — The mechanical method of applying the reading 
matter, illustrations, decorations, or rulings. Impress may be 
limited to one kind, but usually a combination of several kinds 
is used. Each requires consideration of different properties 
in the paper. In offset printing, shrinkage is a factor; in mimeo- 
graph paper, absorbency; and for pen and pencil writing, erasive 
qualities and non-absorbency are important. Finish, weight, 
color, opacity, and stiffness of paper must also be considered with 
respect to the type of impress and the method of its application. 
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Accounting and cost finding, 246 
American Motor CJompany, 286 
American Writing Paper CJompany, 
352 

A. S. M, E. formulas, 90-93 
Analysis, of cost factors, 247, 263 
of equipment, 18 
of manufacturing processes, 38 
Analysis sheet for use in the point 
system of wage payment, 226- 
232 

Automatic lathe, 308 
\>utomatic screw machines, arrange- 
ment of, 310 
Automatic sprinkler, 8 
Automobile frame plant, 42-45 

B 

meaning of, 220 
Ballinger Company, 4, 7 
Barth wage plan, 209 
Base rates, determination of, 211- 
219 

Base time, determination of, 132 
Bedaux point plan of wage payment, 
190, 209, 220, 244 

Belden Manufacturing Company, 93 
Bibliography, 355 
Bigelow-Knoeppel wage plan, 210 
Blakelock, R. M., 151 
Blanchard, E. P., 25 
Bonus, Gantt ta^ and bonus wage 
plan, 209 

group bonus wage plans, 190 
indirect labor, 201 
table, 195 
Budgets, oost, 263 
indirect labor, 233 


Building design and construction, 
architectural design, 14-17 
ceiling heights, 11 
column sizes, 5 
column spacing, 4 
cost of clear span, 9 
doors, 12 

effective floor areas, 4, 6, 7 
elevators, 12-14, 62 
fire protection, 14, 60 
floor loads, 11 

heating, vacuum system, 13 
mill construction, 8 
multistory building, 3, 10 
natural lighting, 7, 94 
Otis Elevator Company, 10 
partitions, 12-13 

reinforced concrete construction. 
8, 14 

roof trusses, 8 
single-story building, 3 
stairways, 6 

structural steel construction, 8-10 
suburban plant, 4 
windows, 12 

Bureau of Internal Revenue, 345 
Burden, 251 

{See also Factory expense.) 

C 

Cafeteria, arrangement of, 55 
Cashiers’ department, motion study 
of, 153 

Caterpillar Tractor Company, 66 
Ceiling heights, 11 
Chrysler Motor Corporation, 192 
Cincinnati Milling Machine Com- 
pany, 20 

City ordinances and industrial codes, 

61 
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Clutches^ manufacture of, 285 
Codes, safety and industrial, 61-64 
Coefficients of utilization, 115, 117, 
121 

Coes, Harold V., 69 
Color reflecting values, 116 
Concrete construction, reinforced, 14 
Construction, reinforced concrete, 14 
Continuous process production, ex- 
amples of, 42, 51 
Conveyors, 84-89 

Coordination of departments, 50-52 
Costs (see Manufacturing costs). 
Crankshafts, manufacture of, 285 
Crockett, C. B., 80 
Cylindrical grinder, Norton, 296 

D 

Day wages, 188, 212 
Day lighting (see Industrial lightmg). 
Decimal stop watch, 126 
Departmental checker, 223 
Departments, arrangement of, 50 
Depreciation, elements of, 261 
Depreciation data, 345-348 
Design of printed forms, 349-353 
Detroit Piston Ring Company, 109 
Detroit Steel Products Company, 96 
Direct labor cost, 249 
Direct material cost, 247 
Drives, types of, 46-50 
Dunlop Tire and Rubber Corpora- 
tion, 69 

E 

Eastman Kodak Company, 176, 213 
Eberhardt, Walter R., 8 
Economic lot sizes, determination of, 
33, 329-344 
Einstein, S., 20 
Elevators, 11, 62 
Emerson wage plan, 210 
Employee and time study, 146 
Engineering department, work of, 

m 

Mavironment, study and standard- 
mikm of, 146, 161, 160, 172 


Equipment (see also Machinery), 
amount of 32-37 
automatic, 26-32 
economy of, 29 

factors affecting selection of, 31-32 
formula for computing savings on, 
22, 90 

kinds of, 18-32 

for manufacture of flywheel clutch, 
307-328 

obsolescence of, 19-20 
policies for purchasing, 23-24 
replacement of, 22 
set-up costs, 33-34 
standard and special machines, 
24-25 

tool-room, 53, 55 
Expenses, factory, 251 
Eyesight, 110 

F 

Factors controlling plant layout, 39 
Factory, building design (see Build- 
ing design and construction), 
costs (see Manufacturing costs), 
expense, 251 
lighting, 94-122 

transportation (see Materials 
handling). 

Fatigue allowances, 177 
Ferguson Company, H. K., 8 
Finished stock and shipping depart- 
ments, 55, 276 
Floors, kinds of finish, 11 
loadings of, 11 
mill construction, 8 
Flywheel clutch, 285-328 
description of, 285 
dimension of machines for manu- 
facture of, 326-328 
list of parts for, 293 
machine data for, 307-325 
y operation sheets for manufacture 
of, 294-307 

Flywheels, manufacture of, 286 
Fogg, William R., 4 
Foot-candle, definition of, 115 
Foreman and point plan of wage 
payment, 22$ 
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Forge shops, layout of, 66 
Foundry layout, 51 
Frame plant, automobile, 42-45 
Frigidaire Corporation, 213 
Furniture factory, materials hand- 
ling in, 67 

G 

Gantt task and bonus wage plan, 
209 

Gear blanks, rate-setting tables for, 
137 

General Electric Company, 60, 73 
Gilbreth, F. B., 153 
Gilbreth, L, M., 150 
Gilbreth symbols for simultaneous 
motion cycle charts, 160 
Glare, elimination of, 110 
Gleason Works, 136, 143, 146 
Gold Dust Corporation, 15 
Goodrich Rubber Company, 244 
Graphic methods used in plant 
layout, 64-66 
Gravity chute, 84 
Group incentives, 190 

H 

Halsey system of wage payment, 209 
Hand-power elevating platform 
truck, 75 

Hand vs. power transportation equip- 
ment, 69 

Harrison, G. Charter, 264 
Haynes *‘manit” system of wage 
payment, 220 

Heating and ventilation, 64 
Higbie, Prof. H. H., 103 
Holeproof Hosiery Company, 200 
Horizontal movement of material, 70 
Hubbell, N. D,, 214 
Hydraulic transmission, 20 

I 

% 

Ideal plant layout, major factors for, 
39 

Incentives, 181 
Industrial codes, 61-64 
Industrial oosts^ 246^271 
(See dm Mantifacturing costs.) 


Industrial lighting, 94-122 
artificial lighting, 109-122 
advantages of good lighting, 
109 

arranging light sources, methods 
of, 114 

characteristics of good artificial 
Ught, 110 

coefficient of utilization, 116, 
117, 121 
costs, 7 

definition of lighting terms, 115 
design of lighting systems, 116 
direct lighting, 113 
distribution of artificial light, 
112 

foot-candle, definition of, 116 
glare, elimination of. 111 
kinds of, 110 
indirect lighting, 113 
intensity, correct, 114 
daylight, 95 

lumen, definition of, 115 
Mazda lamps, 122 
mercury-vapor lamp, 1 12 
problem in general lighting, 120 
semi-indirect lighting, 113 
uniform illumination, 110 
daylighting, 94-108 
building design, relation to, 96 
costs, 7 

difficulties involved in, 94 
intensity of, 95 
monitors, use of, 97 
multistory buildings, 99 
predicting, for buildings, 104- 
108 

saw-tooth roof, 98 
scale models, use of, 102 
single-story buildings, 96 
Industries, classifications, 38 
continuous, 39 

Instruction sheets, 143, 289-290 
Internal transportation, 67-93 

J 

Jones and Lamson flat turret lathes, 
speed and feed chart for, 140- 



362 INDUSTRIAL ENGINEERING AND MANAGEMENT 


L 

Labor, direct, costs, 249 
standard costs, 233 
time and motion study, 146 
Lathes, 26, 141, 314 
Layout, arrangement of equipment, 
40-42 

of service centers, 52-54 
automatic automobile frame plant, 
42-45 

automatic screw machines, 310 
cafeteria, 55 

continuous process, 42-45, 51 
direct-line layout, 57 
employment department, 54 
foundry, 51 

future expansion, 58-60 
hand-screw machine department, 
48 

heating and ventilation, 64 
industrial codes, 61-64 
location and coordination of de- 
partments, 50-52 
locker rooms, 54 
major factors of, 39 
medical department, 54 
power to machines, 46 
production center, 45 
railroad sidings, 90 
trackage layouts, 90 
safety, 60 

steps in making plant layout* 
275 

straight line, 42-45 
templets, use of, 64-66 
tool room, 52 

Leveling, methods of, 170-176 
Lighting (see Industrial lighting). 
Location and coordination of depart- 
ments, 50-62 

Lot-sise, determination of, 33, 329- 
344 

Lott, Merrill 218 
Lowry, B. M., 173 
Lumen, definition of, 115 
Lytle, C. W./ 209 


M 

Machine data for the manufacture of 
flywheel clutch, 307 
Machine delay allowances, 176 
Machine-hour rate, 254 
Machinery (see Equipment). 

Macy, R. H., and Company, 160 
Manit,’’ meaning of, 220 
Manufacturers^ Research Associa- 
tion, 205 

Manufacturing budgets, 263 
Manufacturing costs, burden, 251 
classification, 247 
depreciation, 261 
direct labor cost, 249 
direct material cost, 247 
elements of factory costs, 247 
factory expense, 251 
machine-hour rate, 254 
methods of distributing factory 
expense, 252 
overhead, 251 
shop burden, 251 
standard costs, 263 
stores issue, 248 
time cards, 249 

Manufacturing methods for produc- 
tion of flywheel clutch, 285-328 
Mass production, example of, 42 
Material specifications, 291 
Materials handling, 67-93 
classification of equipment, 76-73 
conveyors, 84-89 
cost analysis of, 80-81 
equipment, kinds, 70-73 
factors affecting selection of, 67-69 
formulas for computing economics 
of, 90-93 

skid platform, 77, 79 
trucking equipment, 75-79 
types of equipment, 70-73 
wage payment systems for, 201- 
203 

Mathematical determination of lot 
sizes, 33, 329-344 
Maytag CJompany, 84 
Mazda lamps, 1^ 

McLain, E. H.. 69 
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Medical department, layout of, 54 
Mercury-vapor lighting, 112 
Merrick multiple piece-rate wage 
plan, 209 

Methods department, work of, 289 
Microchronometer, 153 
Micromotion study, 149-176 
Miller, Robert F., 197 
Mills, E, J., 73 

Monitor roofs and daylighting, 97 
Motion picture camera, 152, 170 
Motion study, 149-176 (see Time 
and motion study). 
Motion-fetudy priimples applied in 
department store, 153-169 
Motor-driven truck equipment, 78, 
81 

Motor drives, types, 46 
Mounting heights of lighting units, 
117-118 

Movement of materials, direction of, 
40, 42, 57 
Moyer, W. 0., 10 
Mueller group bonus plan, 193 

N 

National Cash Register Company, 
191 

National Industrial Conference 
Board, 183 

National Metal Trades Association, 
183, 189, 207 

Natural lighting {aee Industrial 
lighting). 

Norton Company, 202 
Norton cylindrical grinder, 296 

0 

Occupation study sheet, 217 
Ohio State University, 103 
Operation study {see Time and 
motion study). 

Order, purchase, 350 
Otis Mevator Company, 10, 66 
Overhead, effect of wages on, 182 
elemeni» entering into, 251 
standard costs, 263 


P 

Palmer, Virgil M., 213 
Parkhurst wage plan, 210 
Payne, H. J., 80 
Perkins, H. G., 192 
Piece rates, 188, 212 
Planning department, 292 
Plant layout (see Layout). 

Plant maintenance wage incentives, 
203 

Point plan of wage payment, 220-246 
Posting sheet, 225 
Power drives, 46-49 
Power-platform truck, 83 
Power transmission, 46 
Predicting daylighting for buildings, 
104-108 

Printed forms, design of, 349-353 
Problems covering each chapter of 
book, 273-281 
Process charts, 155-156 
Processes, standardization of, 126 
Product analysis, 288 
Production, effect of fatigue, 177 
of lighting, 109 

of time and motion study, 147, 
169 

of wage incentives, 202, 204, 
240 

Production center, layout of, 45-46 
Productive capacity of factory, 
determination of, 32 
Profit variation analysis, 265 
Purchase order, standard, 361 

Q 

Quality of paper, 362 
Quantity to be manufactured in one 
lot, 33, 329-344 

R 

Railroad sidings and trackage lay« 
outs, 89 

Randall, W. C., 96, 98 
Rate setting (see Time and motion 
study). 
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Eating speed and effort, methods of, 
170-176 

Ratios, nonproductive labor coat, 
238 

Raymond, F. E., 34, 829 
Receiving department, 276 
Redlin, A. W., 52 
Reflection of colored surfaces, 116 
Rest and delay allowances, 177 
Rest rooms, 55 
Restaurant, factory, 65 
R. L. M. reflectors, 113, 116-117 
Roofs, monitor type, 97 
saw-tooth type, 98 

S 

Safety and fire prevention, 60 
Safety-switch plant, materials hand- 
ling in, 85 
Saw-tooth roof, 98 
Screw machines, arrangement of, 310 
Selection of equipment, amount, 
32-37 

kind, 18-32 . 

Service centers, arrangement of, 52 
Shea, J. R., 28 
Sherman Corporation, 185 
Shipman, C. C., 244 
Shop burden, 251 

Shop transportation {see Materials 
hawadling). 

Simultiineoiis mot^n-cycle chart, 
15$ 

Simultaneous operations, 25 
Smith Corporation, O*, 42, 52 
Special machines, 

Specification sheet for materials, 291 
^)eed and effort rating, 171 
%eed and feed chart, 131 
Speed diie rule, 129 
Spoilage, dimination of, 197 
l^x>ol4iead8, manufacture of, 26-31 
%niay« £. $4 

Standiud oOf 288, 2^ 

Standard Mnhinas, lotion to 

INiMidiiM HmffB ibrt date]>« 

m 


Standard sizes of printed forms, 362 
Standard time, setting by time and 
motion study, 125-180 
Standardization for time study, 125 
State industrial codes, 61 
Stevenson, Harrison and Jordan, 197 
Stop watch, reading, 126 
Stop-watch studies {see Time and 
motion study). 

Stores issue, 248 

T 


Task times, determination of, 126- 
180 

Taylor, F. W., 186 
Templets, use of, 64-66 
Ten plans of wage payment, 209 
Therbligs, Gilbreth, 150 
Tiering machine, 81 
Time and motion study, allowances, 
determination of, fatigue, 177 
machine delay, 176 
personal, 177 

base time, determination of, 132 
boards for time study, 127-128 
charts for, 137-146 
data sheets and boards, 127-128 
employee relations, 146 
equipment for, 126 
formulas for, 137-146 
fundamental elements, 136, 149- 
151 

gear blanks, studies of, 187-146 
instruction sheet, 
job classification, 178 
methods of reading the stop watch, 
126 

motidn study, 149-176 
cashiers’ work, analysis of, 153 
classifioation of motions, 151 
Gonatant-speed motion-pictursr 
e|unera, 170 

fundmo^ental motioiis, 136, 149- 
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Time and motion study, motion- 
picture camera, 152, 170 
motion-study principles applied 
in department store, 153 
rating, methods of, 170-176 
Therbligs, table of, 150 
value of, 159 

work place and motion study, 
146, 151, 162 
purposes of, 125 
results of, 146-148, 169 
selection of workers for, 168 
speed and feed chart, 181 
^>eed slide rule, 129 
standard data, 136 
standardisation for, 125 
stop-watch time study, example 
of, 130 

time-setting tables for sensitive 
drills, 1^3-135 

time standards, methods for deter- 
mining, 129 

training of workers for, 168 
Time cards, 224, 249-250 
Time-setting tables for sensitive 
drills, 133-135 
Time-study board, 127-128 
Tool rooms, location of, 55 
shelving for, 53 
Trackage layouts, 89 
Tractors, electric, 83-84 
7^^ing operators, 125, 168 
•jp^^j^rtation, shop, 67-93 
Trucking 75-79 

Turret lathe, and feed chart 
for, 140, 141 

* U 

U. 8. Bureau of Standards, 352 
tJtiUzation^ coefficients of, 115, 117, 
121 


W 


Wa«ea, 181-245 , 

base rates daterminMion, 
eutve for, 21l|' p 

deilnition of basa rate^ #12 | 


Wages, base lates determination, 
elements in, 214 
example of, 218 
factors for, 215-216 
individual worker, rates for, 212 
job or occupation, rates for 212 
occupation study sheet, 217 
uniformity, need for, 211 
Bedaux point plan, 190, 209, 220, 

244 

bonus, chart of, 202, 204 

Gantt, task and bonus wage 
plan, 209 
group, 190 

table of bonus percentages, 195 
chain manufacturer uses quality 
incentive, 197 

Chrysler Motor Corporation group 
incentive, 192 
group incentives, 190 
guaranteed minimum wage, 185 
Haynes ^^manit” system, 220 
incentives, group, 190 
increased use of, 183 
kinds of, 182 
meaning of, 181 
proper, 186 

indirect labor, incentives for, 201, 
233-245 

maintenance incentives, 203 
major requirements of good incen- 
tive plan of, 185 

material saved, incentive on, 199 
Mueller group bonus plan, 193 
National Cash Register group 
incentive, 191 

overhead, affect# by wages, 182 
pay-roll and time keeping, 190 
point plan of wage payment, 220- 

245 

advantages of, 240 
allowances, 222 
analysis sheet, 226 
definition of point, 220 
department point hour^ deteiv 
minatiqn of^ 230 
department# cjhccker, 2^ 
Umitationa of |) 0 int plan, 2^ 
meil^g ci, 220 
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WageS) point plan of wage payment, 
nonproductive labor costs, 
233-245 

operators' point hour, deter- 
mination of, 229 
point standard, 221 
posting sheet, 225 
premium and time card, 224 
ratios of labor costs, standard, 
233-245 

standard labor costs, 233-245 
summary sheet, departmental, 
228 

supervision point hour, 232 
supervision ratio, determination 
of, 230 

presenting group bonus to em- 
ployees, 193-196 

proper incentive for wage plan, 186 
quality, incentive on, 197 
results of group bonus installation, 
196-197 

specij|c recommendations, by 
Manufacturers' Research As- 
sociation, 205-207 
by National Metal Trades 
Association, 207-208 


Wages, system easy to understand, 
189 

ten plans of wage payment, 209 
time keeping and wage payment, 
190 

time standards, guaranteed 
against change, 188 
method of setting, 125-180, 
187 

trucking, incentives on, 202 
waste of material, and incentives, 
199-201 

use of incentives, 183 
Western Electric Company, 28 
Westinghouse Electric and Manufac- 
turing Company, 84, 173 
Westinghouse leveling method, 172 
Whisler, R. F., 191 
Willys-Overland forge shop layout, 
56 

Windows, 12, 63, 100, 104 
Work place equipment, 146, 151, 
162-167 

Workers (see Labor; Employee). 
Worthington Pump and Machinery 
Corporation, 68 




